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PORTABLE ELECTRIC WELL LOGGING 
UNIT FOR SHALLOW HOLES 
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CHLUMBERGER 


Schlumberger now offers the TECTO-LOGGER to the 
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electrical logging services available. 

The TECTO-LOGGER is compact, rugged and highly 
portable. It is especially designed for use (1) in areas not 
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- 
rey tase 


dependable service for logging shot holes and extremely 


shallow core holes where the cost of a larger unit is 
prohibitive. 


Se Units have been in actual field operation for eight 





months, and have proved to be entirely dependable. They 
are simple in design and do not require an experienced 
operator. 

TECTO-LOGGERS are now available on a lease basis. 
For further information either call your Schlumberger field 
engineer or address your inquiry to our Houston head- 
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BW MULTI-FLEX 
SCRATCHERS 


@ SCRATCH ON THE UP-STROKE 
won't “tear up” the hole while run- 
ning in. 

@ RUGGEDLY CONSTRUCTED... 
Can “take it” on the casing rack and 
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€ LONG, STRONG, REVERSIBLE 
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AXELSON FIRST CHOICE FOR PETROLEUM PUMPING EQUIPMENT 


You can argue quality at the surface but it’s 


proved at the bottom of the well. Nearly 60 years 





of field experience under all pumping conditions 


prove that Axelson Deep Well Plunger Pumps 
ae PRODUCE MORE PIL...LOWER PUMPING 
‘i Mt De 


=< 


COSTS...REDUCE DOWN TIME... 





ASK AN AXELSON EXPERT 
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ECONOMICAL 
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FOR QUALITY 
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DOWELL CHANNELING ACID is designed to open longer 
drainage channels—tap production far back from the well bore 


Dowell Channeling Acid has been developed to permit 
acidizing of areas in pay formations far back from the 
well bore . . . reaching oil production that otherwise might 
be left untapped. Channeling Acid contains chemical 
agents designed to form a film on the face of the pay, 
temporarily blocking all but a few pores. Thus the bulk 
of the acid used during the treatment can be diverted 
into the few unblocked pores . . . forming long drainage 
channels that extend deep into the formation. The film- 
forming agent in the acid is temporary in action and 
breaks down to a free-flowing liquid in a few hours. 

This recent product of Dowell research provides a new 


method of improving the producing characteristics of oil 
and gas wells. A new well completed in the McClosky 


DOWELL 


formation was producing 2 barrels of oil and 10 barrels 
of water per day. A Channeling Acid treatment consisted 
of a small spearhead of regular acid to open up the forma- 
tion, followed by 750 gallons of Channeling Acid and 
2,000 gallons of regular acid. Three and a half months 
after treatment, production was 50 barrels of oil per day 
with only 1 barrel of water. 


For additional information about Channeling Acid and 
the many other valuable Dowell oil field services and 
products, call the nearest Dowell office or station. 


DOWELL INCORPORATED 
TULSA 3, OKLAHOMA 
Subsidiary of The Dow Chemical Company 


ACIDIZING SERVICE 


Ask your nearest Dowell station for complete information on these Dowell services and pr ts 


Acidizing Service, Electric Pilot Services, Plastic Service, Chemical Scale Remo 
affin Solvents, Magnesium Anodes for 
Saran Rubber for corrosion resistant tank linings and Bulk Inhibited Hyd 


heat exchange equipment, Jelflake, 


“First in Acidizing ... since 1932” 


FOR OIL INDUSTRY CHEMICAL SERVICE 
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— Ed; oe comment 


ON THE ESTIMATION OF 
UNDISCOVERED OIL RESERVES 


By Wallace E. Pratt 


Geologist, Member AIME 





N HIS Editorial Comment in the January, 1951, issue of the JouRNAL OF 

Petroteum TecHNo.ocy, E. DeGolyer cites estimates I published in Oil in 
the Earth, in 1942. These estimates relate to the probable total petroleum resources 
of the land areas of the United States and of the world at large. The estimates, 
DeGolyer recalls, were based on studies made by my associates at the time, Eugene 
Stebinger and Lewis Weeks, of the records of past discoveries and of the nature 
and extent of sedimentary basins over the earth, which had yielded or appeared 
likely to yield oil. DeGolyer also refers to World Geography of Petroleum, pub- 
lished in 1950 by the American Geographical Society, in which Stebinger discusses 
the results of his earlier studies. Finally, DeGolyer examines Weeks’ Concerning 
Estimates of Potential Oil Reserves, a statement of more recent conclusions from 
his continuing studies of this general subject. This statement appears in the Octo- 
ber, 1950, number of the Bulletin of the American Association of Petroleum Geol- 
ogists. It may be noted also that DeGolyer reviewed Oil in the Earth in the Satur- 
day Review of Literature for June 17, 1944, and Werld Geography of Petroleum 
in the same journal for January 20, 1951. 

The early studies of Stebinger and Weeks included determinations of areas of 
oil-producing sedimentary basins and compared the areas of various producing 
basins with each other and with still other unexplored basins. Areas were used as 
indices of volumes, as DeGolyer infers, and volume of effective sedimentary rocks 
was accepted as one factor among others in the estimate of the potential petroleum 
resources of a given sedimentary basin. 

DeGolyer criticizes the “basic hypothesis” upon which, he states, the estimates 
of Stebinger, Weeks and myself rest. This hypothesis, as he interprets it, is that 
minable oil exists in suitable sedimentary rocks in volume proportionate to the 
volume of such rocks. DeGolyer vigorously rejects this view. He reminds us that 
of two sedimentary basins of equal volume, one may yield many times more petro- 
leum than the other. He cites Weeks’ own figures for the United States where total 
past discoveries range from as little as 6,000-8,000 bbl per cu mile of effective 
basin sediments in one province, to as much as 200,000 bbl per cu mile in another. 
He might have added, of course, that still other attractive sedimentary basins in 
the United States have, as yet, yielded no oil at all. “What, under these conditions,” 
DeGolyer at length inquires, “do we use as a yard stick?” 


N HIS admirable basin studies Weeks has listed the factors which, to him con- 
I stitute “the true yardsticks, the recognition and the use of which require much 
intensive analytical study and varied experience.” Some of these yardsticks appear 
to be more significant to Weeks than mere volume of sediments. 

For my own part I am not aware that my speculative estimates rest upon any 
particular hypothesis. My only yardstick was simply the amazing discovery record 
of the American petroleum industry over the preceding 80 years in its search 
for oil in the United States — an area which, according to the sedimentary basin 
studies of Stebinger and Weeks at that time, includes approximately one-sixth of 
the total volume of effective sedimentary rocks in the earth’s crust. At the time I 
made my estimates (1941) the American oil-finding industry had already reached 
maturity. Between 40 and 50 billion bbl of oil had been discovered beneath the 
land area of the United States alone. Oil-finding in this country had attained such 
proportions that its very momentum seemed destined to carry it to much greater 
achievement in the obviously large volume of effective sedimentary rocks still 
inadequately explored. The bulk of its minimum ultimate accomplishment, at least 
already loomed ahead of us. 
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that, if the search continued “this country should ulti- 
mately yield at least 100 billion bbl of oil.” Because the United 
States includes a large fraction of all classes of sedimentary 
rocks in the earth’s crust, | thought the rest of the earth 
should prove to be similarly productive of oil when fully 
explored. On this basis it should yield at least 500 billion bbl 
(not 600 billion bbl, as my original published text erroneously 
reads), making a total of 600 billion bbl for the world. 


R thet, it the on this situation | came to the conclusion 


This prediction appears to me to be defensible under the 
circumstances. My yardstick was itself roughly one-sixth as 
long as the total dimension I sought to measure. The land area 
of the United States constitutes a sample so large in compari- 
son that, in the absence of any evidence to the contrary it 
seems to me reasonable to accept it as representative of the 
remaining land area of the earth. We possess large prolific 
oil fields, to be sure, but larger. more prolific oil fields have 
been developed in other countries. Our sedimentary basins 
include specimens rich in oil content, other specimens poor 
in oil content and still other specimens which appear to be 
entirely devoid of oil. As George M. Lees, an out-tanding 
British student of world-wide petroleum occurrence, wrote in 
the British /nstitute of Petroleum Review for February. 1950, 
“The United States oil discovery experience straddles such a 
wide range of structural conditions and stratigraphical ages 
that it is reasonable to apply it to other countries now less 
extensively explore J.” 


EGOLYER states that he has “no particular quarrel 
D barrelwise w'th the estimates that have been made by 
use of the method under consideration.” They may be either 
too high or too low. He is “inclined to think that Pratt's origi- 
nal estimate of 100 billion bbl for the United States may be 
too low. Many of my other friends have told me that they row 
DeGolyer that this estimate is too low. In 


feel as does 


contrast with this present view, a number of my friends 
seemed to feel when this estimate was first published that it 
was too high — much too high. DeGolyer in his 1944 review 
of Oil in the Earth, wrote: “The author’s estimate of oil yet 
to be discovered in the United States as well as in the rest of 
the world, in your reviewer's opinion, is a bold, optimistic and 
interesting speculation.” And he is emphatic in his declara- 
tion that my finding that “this country should ultimately yield 
at least 100 billion bbl of oil,” is one of several conclusions 


which he “is of no mind to accept.” 


which he attributes to Weeks, 
Stebinger and me that “presumably it is the basis for the 
propaganda of plenty which has marked the statements of 
since the date of publication of my esti- 


* HIS review of World Geography of Petroleum, DeGolyer 


says of the “hypothesis” 


company officers” 
mates. “The estimates,” he adds, 
dreds of million of barrels, were 
grateful industry. No need to bother with problems of end 


“originally stated in hun- 
cheerfully received by our 
use, national security reserves, or any other factor that might 
limit expansion.” 

These remarks impel me to point out that my original esti- 
mates were published by the University of Kansas Press, an 
enterprise in no identified with the oil industry, and to 
reveal that the ent:re cost of the first edition was underwritten 
at the personal expense of the author. When it is recalled that 
shortly after the estimates came out, a climate of opinion 


way 


developed in government circles which prompted responsible 
officials in Washington to admonish the public with the warn- 
ng. “We are running out of oil,” it becomes understandable, 
I think, that an anxious oil industry might receive the esti- 
mates with some feeling of reassurance. However that may be, 
I am now comforted by the reflection that no one can have 
been misled into any false sense of security by my estimates, 
since authoritative opinion now holds that they may be too low. 

x * * 





OF INTEREST 


Amendments to Branch By-laws 


continued usefulness. Our By-laws 
now in force were approved by the membership in Septem- 
ber, 1946, and since then the following major changes have 
occurred in our publications and operations: 

1. The old semi-autonomous division structure in the 
AIME has been replaced with the three major branches 
of Petroleum, Mining and Metals. This resulted in the 
publication of JourNAL oF PetroLeum TrecHNOLocy for 
petroleum members instead of the old Mininc anp 
METALLURGY. 


maximum 


he ANGE is necessary in an organization such as ours to 


de assure 


2. Our financial matters have increased in importance to 
the point where our Branch Treasurer should now be 
a member of the Executive Committee. 

3. Our professional activities have increased in the fields 
ef Drilling and Natural Gas so that our committee on 
technology should now include them in its work. 

All these changes should be incorporated into our By-laws 

which necessitates several amendments to them. Such amend- 
ments must be submitted to the Branch membership for 





TO MEMBERS 


approval, and for this purpose a complete set of By-laws 
the amendments and the for them, are 
shown on 4 and 5, Section 2. A return post card, 
addressed to the Branch office, is provided there for your 
Your officers and staff 
will appreciate your help in casting your ballot on the post 
ard and returning it to the Branch office by May 15, 1951. 


including reasons 


Pages 
the amendments. 


use in voting on 


Hotel Reservations for Ok'ahoma City Meeting 


addressed 


Section 2, 


A busi card, to the Biltmore 
Hotel, is provided on Page 8, for your use in 
making hotel reservations for the Oklahoma City Meeting 
Oct. 3-5. The Biltmore Hotel will receive all cards, fill 
their own allotment of rooms first. then place reservations in 
the Skirvin, Black, Huckins, Hudson, Kingkade, and Wells 
Roberts hotels. Rezervations will be filled in the order in 
which the cards are received. so mail the card soon. Expecta- 
tions are that the Oklahoma City Meeting will be of the same 
high quality as Branch Fall Meetings for the past several 


See the story on Page 8, Section 2. 


Joe B. 


s reply post 


vears. 


{ljord, Executive Secretary 
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A Report by the 


E. W. Berlin 
A. H. Chapman 


AIME PRODUCTION REVIEW COMMITTEE 


R. B. Gilmore 


The Petroleum Industry Operating Outside the United States Again Experienced a “Good” Year During 
1950. Here Is a Digest of a Report Made by the Outstanding Men in the Field, Members of the AIME 
Production Review Committee, at the Institute’s Recent Annual Meeting in St. Louis. 


area continued to climb, generally, during 1950. In the 


P RODUCTION figures outside the United States domesti: 


Middle East, the trend was mainly in the direction of er 


trenchment; consolidating and expanding slightly existing 
production facilities. Exploration for new oil declined se 
verely, contrasting directly with conditions prevailing during 
the previous year. Politically, the area was still a hot spot 
which recorded great amounts of production. But the political 
picture remained virtually unchanged. Other areas, however, 
were actively establishing new production records that even 
exceeded those enthusiastically reported following 1949. This 
was true of Western Canada and South America, particularly 
in Venezuela in the latter case. 

Other areas in the Far East, Europe and North Africa 
fluctuated in total production figure comparisons with the 
previous year. There follows a region-by-region summary of 
the highlights of 1950 foreign production, exploration and 
drilling activities as gathered by the most competent men in 
the field. 


CANADA 


1950 was a big year for the oil industry in Canada with 
new records being set in almost every phase of exploration 
and development activity. New highs were reached in acreage 
holdings, in geophysical activity, in wildeat drilling, field 
development and production. The only item that did not show 
a substantial increase over recent years was the amount of 
reserves added by new discoveries. This was not due to a 
decrease in the number of new discoveries. however, but more 
to the fact that most of the discoveries were made during the 
later months in the year and could not be fully evaluated 
by the year end. 

The foregoing pertains mainly to activity in Western Can 
ada. In Eastern Canada operations continued on a modest 
scale with exploration drilling down slightly from the previous 
year but with development drilling and production at about 
the same level. 


Exploration 


Returning to Western Canada, the general exploration play 
was one of expansion and intensification. The issuing of new 
petroleum and natural gas regulations by the province of 
British Columbia precipitated a moderate entry of companies 
into the northeastern part of the province. In Alberta three 
separate phases of activity were apparent. In Northern Alberta 
an extensive area was taken up in reservation form as the 
bounds of prospective territory were moved towards the north 
western reaches of the province. In Central Alberta, particu- 
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larly in the trend south and east from Edmonton, all phases of 
intensified by several interesting 
discoveries, and in the southern part of the province a renewal 


exploration activity were 
apparent as several reservations were 
acquired during the latter part of the year. In Saskatchewan, 
exploration activity increased considerably with several com- 
panies moving into the drilling phase and although 26 wild- 
cats were drilled no significant oil discoveries resulted. Con- 
land was reported in Saskatchewan and 
with the already large land holdings in the province a fairly 
active exploratory effort is foreseen. In Manitoba the land 


of interest became 


siderable activity 


activity intensified and the operations of geophysical crews 
were up considerably from 1949. Only four wells were drilled 
during the year. However, it is anticipated that this play will 
be increased measurably during 1951. 
Production 

In the producing phase, possibly the most significant devel- 
opment was the completion of the Interprovincial Pipe Line 
Co.’s transmission line from Edmonton, Alberta, to Superior, 
Wis.. a distance of 1.127 miles. Shipments of crude required 
to fill the line, provide working storage and commence the 
building up of inventories at the lake-head were responsible 
n production. Completion of the 
line on schedule insures even higher producing rates during 
1951 when part of Eastern Canada will be supplied by tankers 
operating across the Great Lakes to the Sarnia area. Also of 
considerable import was the institution of ratable taking and 
proration of production to market demand by the Alberta 
Petroleum and Natural Gas Conservation Board.* The Board 
took over proration on the first of December. 


for a substantial increase 


Exports 

The question of the export of gas from Alberta remained 
1950. The hearings that began before the 
late in 1949 continued throughout the 
year; a total of five applications were heard. Toward the end 
of the year the Board was pressed for an early decision from 


unanswered in 


conservation board 


several sources and was expected to make its recommenda- 
tions to the government early in the new vear. (Late in Janu- 
the Premier of the Province declared that 
permission to export natural gas would be deferred as the 
findings of the Conservation Board, to the effect that natural 
sufficient only to take care of Alberta's 
requirements for the next 30 years, had been accepted. It 

7a 


ary of this year 


gas reserves were 


*Maximum producing rates have always been set by the Conservation 
however April of 1949, production potential was in excess 

of mand, and producing rates were in most cases established by the 
rude oil purchasers 


since 
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was stated, however, that the Government was in favor of gas 
export as soon as sufficient reserves were proven to be avail- 
able.) 


Natural Gas 

Further developments in the natural gas industry were the 
completion of the gas conservation plant in the Leduc-Wood- 
bend Field and the commencement of construction of a plant 
in the Jumping Pound Field west of Calgary. The Leduc 
plant, designed to handle 18 MMcf/D, went on stream early 
in July to process solution gas as a conservation measure fos- 
tered by the Conservation Board. The plant is a refrigeration- 
distillation unit designed to recover natural gasoline and 
LPG. Residue gas is being sold to the nearby Edmonton 
domestic market. After lying dormant for several years, the 
Jumping Pond distillate field, about 20 miles west of Calgary 
in the foothills of Alberta, was the scene of activity towards 
the end of the year. A gas transmission line was being laid 
into Calgary and a plant was being erected to process a maxi- 
mum of 30 MMcf/D for the Calgary market. 

A statistical review of activities in 1950 will provide some 
details and will give a better measure of the extent of devel- 
opments. 


Acreage Leased 

It has been estimated that gross acreage under reservation 
lea e and option in the four Western Canadian provinces in- 
creased during the year by approximately 36,500,000 acres 
to a total of 129,000,000 acres, an increase of almost 40 per 
cent. An approximate 10,000,000-acre increase was recorded 
in each of the provinces of British Columbia, Alberta and 
Saskatchewan, with the bilance in Manitoba. As might be 
expected with growing coii.petition, the cost of acquiring 
leases increased. In the more interesting areas, prices for 
wildcat acreage reached as high as $625 per acre. 

Western Canada, and more particularly the province of 
Alberta, continued as the second most active territory on 
the continent with regard to geophysical activity, surpassed 
only by the State of Texas. During the year a peak of 124 
parties in the field was reached with an average of 110 parties, 
an increase of 40 per cent over the average of 80 parties 
during 1949. Exploration crews consisted mainly of seismic 
parties with a few gravity and magnetometer parties being 
active. 


Drilling 

Industry drilled a total of 261 wildeats in 1950, an increase 
of 15 per cent over the number drilled in the previous year. 
The results of this exploratory effort were some ten new field 
oil discoveries, an equal number of pool extensions and near 
commercial finds, and many more discoveries of natural gas. 
Possibly the most interesting discovery was made by Socony 
Vacuum at its Flint Well, approximately 45 miles southeast 
of Edmonton. This well discovered 35° API oil in the D-2 
and D-3 zones of the Devonian (the same producing horizons 
as at Leduc-Woodbend), and although two step-outs to the 
east and northeast were dry holes, a well drilled two miles 
due north encountered production in both zones with approxi- 
mately 55 ft of saturation indicated in the D-2 zone and 139 
ft in the D-3 zone for a total of 194 ft of oil saturation. Total 
oil saturation in the discovery well was about 50 ft, equally 
divided between zones. North of the Leduc-Woodbend Field. 
and about eight miles due west of the city of Edmonton, Im- 
perial and California Standard combined with discoveries of 
the Stony Plain and Acheson fields which were also shaping 
up towards the year end as significant D-3 zone discoveries. 
Canadian Gulf made a discovery at Big Valley, approximately 
18 miles south of its 1949 discovery at Stettler. At Big Valley, 
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production was encountered in both the D-2 and D-3 zones. 
A total of four successful wells were completed by the end 
of the year, all being one location step-outs; here again the 
extent of the discovery remains to be determined. Several other 
discoveries and important extensions to producing fields added 
measurably to the interest and activity throughout the Prov- 
ince, and although attention was concentrated in the Edmon- 
ton trend, encouraging developments occurred from the south- 
ern border in the Madison lime of the Spring Coulee area 
to the Peace River Country in northern Alberta where the 
completion of a well by Shell and B.A. at Whitelaw stimulated 
interest in that area. The Whitelaw well rated as a gas dis- 
in the Triassic and as an oil discovery in the Penn- 
sylvanian, both new productive horizons for Alberta. 


covery 


dificult to estimate the new reserves that have 
been added; however, a conservative guess would be a net 
100 million bbl (i.e., after deducting production), to raise 
Western Canada reserves to a minimum of 1.1 billion bbl. 
The wildcat drilling effort resulted in some 23 discoveries 
of natural gas throughout the province. This does not mean 
that 23 wildcats were completed as commercial gas wells, as in 
many cases wells were completed and capped without being 
tested due to the lack of a market, or horizons that were tested 


It is very 


were cased off and production taken from another zone. In 
all cases the 23 discoveries rated gas flows, either on drill 
stem test or on completion, of an average of 5,000 Mcf/D 
with a range from 1.700 Mcf/D to 12,000 Mcf/D. In view of 
the lack of further development of any of the 1950 gas dis- 
coveries the increase in gas reserves is impossible to estimate. 
However, the continued frequency with which commercial gas 
discoveries are made throughout the province would tend to 
substantiate the opinions of many geologists that Alberta’s gas 
reserves will be proven to be considerably in excess of cur- 
rent estimates that range from 414 to 7 trillion cu ft. 
Development activity was highlighted by intensive drilling 
in the Redwater Field where 448 producers were completed 
during the year. There was a total of 726 wells completed at 
Redwater at the end of December and it is expected that the 
pool will be drilled up this year for an ultimate total of 
around 900 productive locations. The sale of Crown reserves 
at Redwater was the main factor accounting for the rapid 
development and new highs were reached in the bonuses paid 
for choice, practically proven acreage. During the year the 
Alberta Government collected a total of $32,000,000 in bonuses 
for Redwater Crown reserves while the record price paid for 
a quarter section was $1,853.333 or $11,583 per acre. Develop- 
ment in other fields added another 311 producers for a total 
of 759 for the industry in Western Canada or 50 per cent 
more than in 1949. At the end of the year there was a total 
of 2,126 wells capable of oil production in Western Canada. 
Canada’s oil production in 1950 increased by over 40 per 
cent to total approximately 29 million bbl. about 95 per cent 
of which was produced in Alberta. In the West, production 
averaged 77,800 B/D and reached a peak of 104,000 B/D. In 
Eastern Canada production was quite uniform and averaged 
about 730 B/D. The substantially larger crude production 
in 1950 was due to an increase in refinery demands within 
the area as refinery capacity was increased, and to the com- 
pletion of the Interprovincial Pipe Line which took an aver- 
age of 16.250 B/D from the end of August to fill its line 
and commence the building up of storage at the lake-head. 
With the commencement of crude shipments from the head of 
the Great Lakes in May of 195], it is anticipated that total 
Canadian crude production will reach 47 to 48 million bbl 
this year, or an average of 130.000 B/D and that production 
from the prairies will increase by an average of 51,000 B/D. 
Although the volume of crude production was at a new 
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high, severe curtailment of producing rates was experienced 
throughout the year. At the beginning of 1950 estimated 
potential producing rate was 122,000 B/D and during the 
year increased to 175,000 B/D, still substantially above the 
actual production required by the market demand. 

Very little information has been released to date on the 
reported discovery of oil in the Province of Manitoba by the 
California Standard Co. An official release by the Manitoba 
Government merely states that the well is testing an inter- 
esting show and it is too early to say whether or not com- 
mercial production has been found. The well is located near 
the town of Virden and is approximately 60 miles north of 
the North Dakota boundary and 10 miles east of the Sas- 
katchewan border. Exploratory activity in this area is part 
of a large play in the Williston basin that encompasses South- 
ern Saskatchewan, Southwestern Manitoba and the Dakotas. 
The encouragement in this well will stimulate activity over 
a wide area, and is a measure of the already strong tone of 
optimism and enthusiasm that prevails throughout Western 
Canada concerning the future of developments in the oil 
industry. 


SOUTH AMERICA 
Venezuela 

Production in Venezuela, which had been sharply curtailed 
in the early part of 1949 because of adverse market conditions, 
made a spectacular recovery during 1950. Current rate of pro- 
duction is approximately 1,610,000 B/D and total production 
for the year was some 544,000,000 bbl. Proven reserves are 
estimated to be about 9,000,000,000 bbl. 

Although new discoveries continue to be made in Eastern 
Venezuela, about 70 per cent of the production comes from 
the Maracaibo Basin in the western part of the country. This 
area was the scene of an extensive wildcatting campaign in 
1949 and 1950 in an effort to find additional Cretaceous lime- 
stone production comparable to that of the prolific fields of 
La Paz and Mara. Several of these wells failed to reach their 
objective and most of the others either were dry holes or 
non-commercial producers. The most significant discovery was 
made by Creole Petroleum Corp.’s Alturitas No. 1 about 100 
miles southwest of Maracaibo. This well was drilled to a 
depth of 17,039 ft, making it the deepest well outside of the 
United States at the present time. Oil was recovered from a 
drill-stem test of the Cretaceous limestones but the well was 
completed as a large potential producer from an Eocene sand 
at about 11,000 ft. 

In Eastern Venezuela, the most important recent develop- 
ments have been the discovery of the “Deeper Oficina Trend.” 
a productive belt lying between the Greater Oficina and the 
Greater Anaco areas and the new 
Anaco. 


discoveries northeast of 

Venezuela's refinery capacity was almost tripled during the 
year and now amounts to about 285,000 B/D. In October, 
Sinclair's 35,000 B/D refinery at Puerto La Cruz in northern 
Anzoategui was completed. Earlier in the year the 30,000 bbl 
refinery of the Gulf Refining Co., also at Puerto La Cruz, and 
the 63.000 and 60,000 B/D refineries of the Creole and Shell 
companies on the Paraguana peninsula were put into opera- 
tion. Work also was started by the Shell Co. on a 93 MMcf 
natural gasoline plant in the La Paz Field west of Maracaibo 
and on a similar plant in the Mara Field northeast of La Paz 


Chile 

Oil was discovered in the northern part of the island of 
Tierra del Fuego in 1945 in what is now known as the Cerro 
Manantiales Field. At the beginning of 1950 there were 11 
o'l wells and four gas wells in the field. In outlining the 
field, several dry holes were drilled. A wildcat at Cerro Som- 
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brero several miles north of the proven area has recently been 
completed for about 300 B/D. The reserves of the Cerro 
Manantiales Field are estimated at 30,000,000 bbl. 

The petroleum industry in Chile is a government monopoly 
under the administration of the Corporacion de Fomento de 
la Produccion. During the year this agency contracted to 
export to Uruguay 1,130,000 bbl of oil over a period of 18 
months. 

Production from Cerro Manantiales is currently averaging 
about 1,500 B/D. An 8-in. pipeline has been constructed 
from the field to storage and loading facilities at Caleta Cla- 
rencia on the Straits of Magellan. Plans have been formu- 
lated to construct a stabilization and natural gasoline plant 
at the Manantiales Field and a 10,000 bbl refinery near 
Valparaiso. 


Colombia 

The crude oil production of Colombia averaged about 92,000 
B/D during 1950, an increase of about 780 B/D over the 
1949 average. The remaining reserves of the country are esti- 
mated at 40,000,000 bbl. About 40 per cent of the production 
is obtained from the De Mares concession. 

The De Mares concession will revert to the Government in 
August, 1951, and will be operated by a newly formed Colom- 
bian company. Tropical Oil Co., the original concessionaire, 
will be retained on a fee basis to advise the new company and 
to train Colombian technicians. Tropical will continue to oper- 
ate the Barranca Bermeja refinery and will lend the govern- 
ment up to $10,000,000 to be used to enlarge and modernize 
the plant. The government is also formulating plans for the 
construction of a products pipeline system to overcome the 
difficulties encountered in the present system of transportation 
by rail. 

The Texas Co.’s Tetuan Field in the upper Magdalena Val- 
ley and Colombian Petroleum Co.’s North Sardinata Field 
in the Barco concession are the most important recent dis- 
coveries. Exploratory activities have been greatly reduced in 
but are expected to be increased as a result of 
the modifications of the petroleum law which have been pro- 
mulgated in a recent governmental decree. Many areas here- 
tofore restricted are now opened for exploration, and other 
provisions of the law are modified so as to give greater incen- 
tive to the operating companies. 


recent year 


Brazil 

During 1950 the exploration program for petroleum in 
Brazil was expanded further and preliminary seismic sur- 
veys were begun in the Upper Amazon Basin in an effort 
to determine sedimentary thicknesses here in various parts of 
this vast region. A drilling rig was moved onto a surface 
anticline near Carolina in the Maranhao Basin and several 
anticlinal structures suitable as drilling sites were mapped in 
the Parana Basin of Southern Brazil. During the year 29 
oil wells, 2 gas wells, 4 dry holes and one stratigraphic test 
were drilled. Consumption of petroleum products amounted to 
23,883,440 bbl through September and the estimate for the 
entire year was placed at about 30,000,000 bbl. Production 
of crude oil in Brazil jumped to 338,707 bbl in 1950 due to 
the opening of the new refinery at Mataripe, Bahia. 

The new refinery which uses crude oil from Brazilian Fields 
in Bahia, has a 2,500 B/D output. It went into production 
about Oct. 1, 1950. Most of the crude is derived from the 
nearby Candeias Field. Daily production from the refinery 
is approximately as follows: 40 per cent gasoline (68-71 
octane); 33 per cent fuel oil; 12 per cent diesel oil and 6 
per cent kerosene. 

Present plans are to increase the capacity of the Mataripe 
refinery to 5,000 B/D within the next 18 months. From 1949 
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to the end of 1950 petroleum requirements in Brazil increased 
about 19 per cent. 


Uruguay 

Surface exploration for petroleum continued throughout 
1950 under the direction of the Administracion Nacional de 
Combustibles, Alcohol y Portland. Geological studies were 
completed in the Cerro Largo Basin of Eastern Uruguay. A 
combined gravimetric and magnetic survey was begun in 
Northwestern Uruguay on the surface of basalt which overlies 
the sedimentary sequence in this region. No drilling opera- 
tions were undertaken by the ANCAP but a stratigraphic test 
at Artigas, on the Brazilian border, being drilled by the 
Instituto Geologico del Uruguay, had reached a depth of 
about 400 meters. 

First imports of crude oil from the Cerro Manantiales Field 
in Southern Chile were received in Montevideo about Nov. 1, 
1950. It had been previously reported that the ANCAP would 
purchase crude oil valued at approximately $2,000,000 from 
the Chilean Government. 


Argentina 

The estimated daily average production for 1950 was about 
63.500 bbl, an increase of about 1,500 bbl over the 1949 figure. 
Production in 1949 was abnormally low due to a crippling 
strike early in the year, however. The existing reserve. of the 
country are estimated at 300,000,000 bbl. About 70 per cent 
of the production comes from the Comodoro Rivadavia area, 
the remainder comes from the Salta, Mendoza and Plaza 
Huincul Fields. During the year a discovery of oil was made 
in Tierra del Fuego across the border from the Springhill 
Field in Chile. 

About iwo-thirds of Argentina’s oil is produced by Y.P.F., 
the government agency, and one-third by private companies 
Forty-two rigs were in operation in the early part of 1950 
as compared with 50 rigs in the corresponding period in 
1949. The private companies are prevented from acquiring 
new concessions and are searching for deeper pays in their 
existing properties in order to maintain their reserves. 

The 10-in. gas line from Comodoro Rivadivia to Buenos 
Aires was put into operation early in the year, but the amount 
of gas available is insufficient to utilize the rated capacity 
of 35 MMef daily of the line. There are 17 refineries in oper- 
ation, and one under construction, with a total capacity of 
about 150,000 B/D. About 60 per cent of the oil 
the country is imported. 

About the middle of the year a new government agency, the 
up under the 


used in 


Direccion Nacional de la Energia, was set 
Ministry of Commerce and Industry to coordinate the efforts 
of the government in developing liquid, gas and solid fuels. 
hydroelectric power and irrigation. 


Ecuador 

Production in 1950 was about 7,200 B/D. 
The accumulative production of the country amounts to about 
$9,560,000 bbl and the remaining reserves to about 26,000,000 
bbl. About 70 per cent of the oil is produced by Anglo-Ecua 
dorian Ltd. and the remaining 30 per cent by Ecuadorian 
Oilfields, Ltd. 

Ecuadorian Oilfields, Ltd.. B/D topping 
plant at El Cantino and Anglo-Ecuadorian a 4,000 B/D top- 
ping and lube oil plant at Ancon. The latter plant is being 
enlarged to handle about 5.000 B/D and in addition a nat- 
ural gasoline plant is being constructed at Santo Tomas. 


maintained at 


operates a 700 


At the present time the productive area is practically lim- 
ited to the southern part of the Santa Elena peninsula but 
geological studies are being carried out in Southern Ecuador 
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and geological and geophysical studies in the coastal area 
north of Santa Elena where favorable conditions are believed 
to exist. 


Peru 


Production during 1950 averaged about 40,500 B/D, a 
slight decline from the 1949 average. International Petroleum 
Co. produces about 80 per cent of the country’s oil, the re- 
maining production being divided between the British-owned 
Cia Petrolera Lobitos and the government-owned Empresa 
Petrolera Fiscal. A small amount of oil is also produced by 
the Cia Ganso Azul on the east side of the Andes. The remain- 
ing reserves of the country are estimated at about 170,000,000 
bbl. 

rhe largest refinery in the country is that of the International 
Petroleum Co. with a capacity of about 33,000 B/D. Interna- 
tional also processes about 50 MMcf of gas daily in its nat- 
ural gasoline plants. Small topping plants are operated by 
each of the other producing companies. 


Much of the country is inaccessible necessitating high in- 
vestments for exploration and development. This factor, to- 
gether with restrictive provisions of the existing petroleum 


law, has prevented many foreign countries from participating 
in the oil activities of the country. A new petroleum law has 
been drafted removing many of the previous obstacles. This 
law has been promulgated by a recent government decree but 
has not yet received constitutional approval. 


Bolivia 


Since 1937 the government agency, Y.P.B.F., has been the 
the sole operator in Bolivia, but the chamber of deputies has 
recently passed a revision of the petroleum law which would 
remove the restrictions against private interests. If the revised 
law is approved by the senate private interests, foreign as 
well as domestic, will be permitted to operate freely in certain 
specified areas of the country. 

Current production is averaging about 2,400 B/D and the 
remaining reserves are estimated at approximately 20,000,000 
bbl. Most of the production comes from the Camiri Field 
which has been the center of drilling activities in recent years. 
One wildcat discovery was reported during the year. 

\ new refinery capable of handling 5,000 B/D has just 
been completed at Cocha Bamba and the topping plant at 
Sucre is being enlarged in capacity from 1,000 to 4,000 B/D. 
During the year a 6-in. pipeline was constructed from Camiri 
to Cocha Bamba with a 4-in. branch extending to Sucre. 


MIDDLE EAST 


rhe most significant aspect concerning development in the 
Middle East during 1950 is the fact that very little new oil 
was discovered in the area during the year. This situation 
is in direct contrast with that which prevailed during 1949. 

In 1949 there were two significant developments. The first 
and probably the most important was the discovery of a new 
field by the Petroleum Co. in the part of 
Iraq about 75 from the City of Basra, located very 
well for the purpose of moving oil. Since that discovery, five 


Basra southern 


miles 


wells have been drilled near Basra and a combination 12 and 
16-in. pipeline is now being built to Tidewater near Basra. 


Saudi Arabia 

The second significant discoveries in 1949 took 
place in Saudi Arabia. Two new fields were discovered, the 
Fathili Field and the Haradh 100 miles south. 
Those two discoveries developed the productive area in Arabia 


over a distance of 200 miles or more. 


group of 


Field some 
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Iraq 

The developments in the Middle East in 1950, however, 
have been largely in the construction of supporting facilities to 
help produce and move the oil. The Iraq Petroleum Co. com- 
pleted a new pipeline to Tripoli which permitted them to 
increase their production from some 85,000 B/D to approxi- 
mately 165,000 B/D. This was done under pressure from the 
Iraq government urging that more oil be produced. 


Iran and Kuwait 

In Iran, the most significant development during the year 
was the construction of a large catalytic cracking plant in 
the Abadan refinery which brings that refinery into a favor- 
able refining situation and establishes it again as the largest 
refinery in the world. In Kuwait, the Burghan Field has been 
practically drilled up with a total of 99 wells. The significant 
developments in Kuwait during 1950 have been the construc 
tion of field facilities, trap stations, pipelines, tankage and the 
largest oil dock in the world. The oil dock at the port of Ku 
wait is capable, all out, of loading 1.25 million B/D into 
tankers. However, the largest quantity that has been passed 
over the dock in one 24-hour period is 600,000 - 700,000 bbl. 
But the capacity is available, which is an important condition 
due to the fact that the dock is not in a harbor. It is an open 
seaway and occasionally ships must wait several days before 
being able to dock. 


Arabia 

In Arabia, the year was spent largely in consolidating the 
pipeline situation. The Trans-Arabian pipeline has been com- 
pleted to Sidon and is in operation. On several days, the 
capacity of that pipeline has been established at some 300,000 
B/D. In addition, a large trap station was built at the new 
Ain Dar Field which permitted that field to go on production 
with a capacity in late 1950 of from 100,000 to 110,000 B/D. 


Bahrein 

There were no significant developments in Bahrein during 
1950 in addition to the completion of refinery construction 
which raises the capacity of that refinery to approximately 
185,000 B/D. That figure represents an increase of 
20,000 B/D to 25,000 B/D. 


from 


Qatar 

In Qatar, the significant development was the completion 
of the pipeline to the port on the western side of the peninsula 
which permitted the Dukhan Field to go into production. The 
latest production figure for that field is 43,000 B/D from 12 
wells, 


Drilling in the Middle East 

There were 70 wells drilled in the Middle East during 1950. 
Many of these wells were largely production wells, e.g., exten 
sions of known fields. However, there were two wildcat wells 
drilled in Syria, two unsuccessful wildcat wells drilled in 
Iran and two deep test wells are listed within the 70 wells 
drilled, one at Kuwait and one at Bahrein, which endeavored 
to go down and find the limestone production which is so 
prolific in Arabia. No results of these deep tests have been 
announced. There have been four wells drilled in the neutral 
zone, all of which have been unsuccessful. At the present time, 
the No. 4 well is being deepened and is drilling at around 
7,000 ft with a rig of 5,000-ft capacity. 
Production in the Middle East 

The daily average production of the Middle Eastern coun- 
tries in 1950 was 1,742,649 B/D as compared with 1,400.960 
B/D in 1949, an increase of some 350,000 B/D. However, the 
Middle East is today producing at the rate of more than 


April, 1951 


JOURNAL OF PETROLEUM TECHNOLOGY 


2,000,000 B/D. That figure breaks down to 714,000 B/D for 
159,000 for Iraq; 403,000 for Kuwait: 618,000 for 
Arabia; 30,000 for Bahrein; and 43,000 for Qatar. 
There are today 771 wells capable of producing oil in the 
Middle East. Of these 771 wells, 366 are on production. Aver- 
age production per well in the area is 4,760 bbl. 

Statistical figures here for the Middle East do not include 
potential production of some 2,000 B/D in Turkey. 


Iran; 
Saudi 


Pakistan 

The Attock Oil Co. and the Burma Oil Co. are presently 
operating in Pakistan. For 1950, Pakistan produced some 
3,200 B/D as compared with 2,560 B/D during 1949. In the 
area there are three major producing fields, the Dhulian Field, 
now almost depleted and which had the highest gravity oil 
of the section, and the Khaur and Balkassar Fields, which 
are heavy crude oil producers. There is a producing area in 
lurkistan, the Ferghana Field, that produces some 18,000 
B/D which is moved into Russia. 

Exploration during the year in this area turned up some 
small structures. Two wildcat strips were operated in the area 
during the year. Twenty-six party months of surface geology 
has been expended in the exploration for new producing 
areas. 


India 

The major and only producing area in India proper is in 
Assam. The area is known as the Digboi Field. In 1950 it 
produced 5,100 B/D as compared to 5,349, B/D in 1949. The 
production here is refined in the field itself and the products 
are distributed in Northern India. Exploration in Assam is 
concentrated southwest of the Digboi Field in hopes of picking 
up another accumulation. Four wildcat tests were drilled with 
one having a show and the others being dry. The exploration 
is confined to 36 geological party months and geophysical 
operation. There is some exploration activity in the Bengal 
Basin of India northeast of the city of Calcutta. 


Burma 

Operating conditions are restricted because the Burma Gov- 
ernment is working toward nationalization of all mineral re- 
and addition, there is considerable 
political unrest. The Burma Oil Co. has given up all work on 
the rehabilitation of the Syriam refinery and the 300-mile 
pipeline system which connected the Chauk and the Yenag- 
yaung fields with the Syriam refinery at Rangoon. 

Production figures for 1950 are 400 B/D as compared with 
720 B/D in 1949. 


sources production. In 


China 

Very little is known at the present time of production and 
development activity in China. Fragmentary information that 
has come out of the country indicates that there is production 
activity at Yumen and the Kansu areas at the rate of soine 
2,000 B/D. The country has great possibilities in that there 
are some 300,000 sq miles of basin area still untouched or 
explored. 


Japan 

During 1950 Japan produced 5,500 B/D as compared with 
3.710 B/D in 1949. The increased production stems from drill- 
ing into proven areas in Akita, Yamagata and Niigata fields. 
In the Toyotomi Field in the northern section of the island 
group, a gas well was recently discovered at 7,000 ft. Pre- 
liminary that 56 party months of geological 
work, months of work and 24 months of 
gravity meter work were carried on during 1950. 

In Sakhalin, an island in the north of Japan which is now 


reports reveal 


some 24 seismic 


under Russian control, fragmentary information indicates that 
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there has been a limited amount of drilling and the production 
rate is estimated to be 9,000 B/D. 
Philippines 

The Philippine Development Co. completed one dry hole 
and was drilling at the end of 1950. Geological exploration 
in the Philippines during 1950 amounted to 24 party months 
of surface geology work. 

British Borneo 

British Borneo reports the largest increases of all areas in 
the Far East. In 1950, production there was 79,600 B/D as 
compared with 68,790 B/D in 1949. The old Miri Field pro- 
duced 1,100 B/D and the new Siri Field, put on production 
in 1929, produced 78,500 B/D. All production is flowing and 
development continues. The Miri Field, however, is on the 
pump. 

Exploration work continues at a rather high rate for an 
isolated area. Geological effort amounted to 24 party months 
of seismic surveys, 2 party months of gravity work and 45 
party months of geological work, all confined to the areas 
along the North Coast. 

Indonesia 

Indonesia includes all of that part of the Archipelago now 
controlled by Indonesia. New Guinea is still an unsettled 
political entity. Part of Borneo, Sumatra and Java are all 
within Indonesia. Production in the area for 1950 totaled 
131,400 B/D as compared to 118,380 B/D in 1949. Of the 
1950 total, Sumatra produced some 95,000 bbl, Borneo, 35,000 
bbl, and Java, 1,600 bbl. 

There are 24 development strips in operation in Indonesia. 
At the present time, production in Sumatra is limited to the 
southern area. Two refineries in the region, operated by Shell 
and Standard, have a total capacity of some 100,000 B/D. 
There is some 95,000 bbl of crude oil being produced in South 
Sumatra. 

The important producing center in Java is the Kawengan 
Field near Syrbia. Kawengan is now under production. No 
plans are evident at the present time to rehabilitate the Tjpoe 
refinery. There were 80 geological party months for surface 
work, 79 seismic party months and 14 party months of mag- 
netic effort expended in Indonesia during the year. 

The Klamono Field in northwest New Guinea produced 
4,730 B/D during 1950, some 100 B/D more than was pro- 
duced in 1949. No new fields have been discovered. There 
were 10 producing wells and 6 dry holes drilled during the 
year. Weather conditions in the area, which include some 24 
ft of rain per year, retard development of port and road 
facilities. 

Papua 

The Australian Petroleum Co., Ltd., and Island Exploration 
Co., Ltd., are still carrying on exploration work. Two explora- 
tion drilling strings are operating at the present time. One 
well was completed during 1950, a dry hole. Twenty-four party 
months of surface geology work, 15 party months of seismic 
operations and 12 party months of gravity meter work were 
expended during the year. 


Australia 

Reports indicate that there is a daily average production 
of 5 bbl, coming from the Lakes Entrance Field, in the state 
of Victoria, southeast of the city of Melbourne. The Morella 
Test in Queensland near Rolliston drilled by Shell to a depth 
of 4,636 ft was bottomed in igneous rock and abandoned. 

EGYPT 

The rising Egyptian production trend of the last few years 
continued during 1950, reaching an all-time high of 16,304,307 
bbl for the year (44.669 B/D average). This figure repre- 
sents an increase of 499,497 bbl over the 1949 figure. Produc- 
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tion from the older fields, Hurghada and Ras Gharib, con- 
tinued to decline. Production from the Asl Field increased 
but output from Sudr was lower and both fields were largely 
drilled up by the end of the year. Production activity was con- 
centrated on the Gulf of Suez, the only exploratory drilling 
outside of existing leases consisting of three wildcat wells (all 
dry holes) on the Nebwi license. 
Gemsa Field 

Twenty wells were drilled in the Gemsa Field of which ten 
were producers and are located on seepages. Production area 
is about 24 acres from Miocene limestones at 400-1,000 ft. 
Average gravity of the oil is 39° - 41° API. 


Hurghada Field 

Production from the Hurghada Field is declining and near 
exhaustion. During the year, 139 wells were driljed in the 
area of which 113 were producers. Twenty-two wells presently 
are producing, all being on artificial lift at year’s end. Pro- 
ductive area of the field is about 1,240 acres from sandstones 
and conglomerates of Miocene and possibly Cretaceous age 
at 1,600-2,800 ft. Gravity of the oil is from 23.50°-26.50° API. 


Abu Durba Field 

The Abu Durba Field is depleted. Eleven wells were drilled 
of which three were producers. Productive area of the field 
is ten acres from Nubian sandstones at very shallow depth. 
Gravity of the oil is 16.5° API. 


Ras Gharib Field 

Production from the Ras Gharib Field is declining. Some 
130 wells were drilled of which 123 were originally produc- 
tive. One hundred wells are now on production, 16 of which 
are flowing and 84 are on artificial lift. Productive area of the 
field is 1,360 acres from Nubian sandstones of Cretaceous and 
Carboniferous age and Miocene limestone. Depths of the 
producing formations range from 1,600 ft to 2,500 ft. Average 
gravity of the oil is 26° API. 


Sudr Field 

Production from the Sudr Field declined during 1950. 
Twenty-one wells were drilled on the lease of which 12 were 
originally productive. Ten wells were producing at the end 
of 1950. Productive area of the field is 1,250 acres from Eocene 
limestones and Miocene sands at 2,350 to 3,100 ft. Gravity of 
the oil is 18°-19° API for Miocene and 22.5° for basal Mio- 
cene-Eocene. 


Asl Field 

Production from the Asl Field increased during 1950. 
Twenty-one wells were drilled on the lease of which nine 
were originally productive and seven are now flowing. Produc- 
tive area of the field is 900 acres from Eocene limestone. A 
thin Miocene sand or sandy limestone higher in the section is 
also oil-bearing but has not been produced. Gravity of the oil 
is 22° API. 


Ras Matarma Field 

No production from the Ras Matarma Field was recorded 
as a lease on the area has not yet been issued. Six wells were 
drilled of which three are productive, two from the Miocene 
sandy limestone or calcareous sand and one from Eocene 
I'mestone. 
Feiran Field 

No production from the Feiran Field was recorded. The 
Standard Oil Co. of Egypt, discoverers of the field, were un- 
able to obtain a lease under satisfactory terms and have with- 
drawn from the country. One well was drilled to granite which 
found a 65-ft tight sand of Miocene age oil-bearing at a depth 
of 6.500 ft. The well tested at the rate of 163 B/D of 25° 
gravity API oil through a 14-in. choke flowing by heads. 

Continued on Page 2, Section 2 
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A PETROLEUM ENGINEERING PROGRESS REPORT 
ON THE SCURRY FIELD 


By William L. Horner 


Sunray Oil Corp., Tulsa, Okla., Member AIME 


The Drilling Program in the Pennsylvania Reef Field of Scurry County, Tex., ls Nearly Complete and 
Production Practices Are Being Studied by Engineers. Here Is What Has Happened to Date in the 
“Second Largest Oil Field in the United States.” 


HE Pennsylvanian Reef Pool of Scurry County, Tex.. 

including Sharon Ridge, Diamond “M,” Kelly-Snyder, 
and Cogdell areas, is the largest developed during the year 
1950. The combined areas have been described as the second 
largest limestone pool in the western hemisphere. The drilling 
program is nearing completion and the operators are concen- 
trating on the engineering problems to determine the best pro- 
cedures for production of the oil. The chief technical problems 
are those of reservoir engineering involving geometry of the 
pools, the nature of the reservoir and its contents, and the 
production expected to be obtained by different methods of 
operation. Methods which are being evaluated include all 
known methods of pressure maintenance by fluid injection. 


The productive area is approximately 40 miles long and up 
to eight miles wide. The average elevation of the ground is 
2,500 ft above sea level. Production comes from a large buried 
limestone reef of Pennsylvanian age covering an area of more 
than 130 square miles with up to 750 ft. of gross saturated 
reef thickness. Production is obtained between depths of 6,500 
and 7,000 ft. The fields are located approximately 200 miles 
west of Fort Worth and 60 miles northeast of Midland, Tex. 
The first well to penetrate oil-saturated limestone in the Scurry 
County Field was drilled in Section 339, Block 97, H. & T. C. 
Ry. Co. Survey, approximately six miles northwest of the town 
of Snyder. Although approximately 230 ft of the reef above 
water level were penetrated in this well, the hole was aban- 
doned in January, 1947, without testing the reef at that time. 
The well, however, has been reworked and produces from 
this reef. In July, 1948, the reef was discovered productive in 
Section 186, Block 97, H. & T. C. Ry. Co. Survey, six miles 
southwest of the town of Snyder. The discovery well appears 
to be isolated from the main productive reef, or at least marks 
the extreme limits of production. Discovery of prolific produc- 
tion from the main limestone reservoir was left until Novem- 
ber, 1948, when the Standard Oil Co. of Texas completed its 
No. 1 Brown-2 well in Section 440 of Block 97, with 664 ft 
of reef limestone above water table. Production over a large 
area was indicated soon thereafter by the completion of addi- 
tional wells. In December, 1948, Lion Oil Co. completed its 
No. 2 McLaughlin well, 15 miles southwest of Standard’s dis- 
covery. The Lion well opened the Diamond “M” area; and 
in March, 1949, Humble’s No. 1 Bishop discovered the Sharon 
Ridge Canyon reef area, which is south and southwest of 
Diamond “M.” In December, 1949, Chapman and McFarlin 
found production in the reef in their No. 1 Cogdell well, Kent 


This paper was presented at the 1951 Annual Meeting of the AIME in 
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County, 30 miles northeast of production in the Sharon Ridge 
Canyon area. Similar characteristics of reservoir and fluid 
were found in each of the producing areas and the gaps be- 
tween the areas were rapidly shortened by drilling develop- 
ment during 1950. It is estimated that the four main producing 
areas cover approximately 85,000 productive acres as follows: 
Sharon Ridge, 11,000; Diamond “M,” 18,000; Kelly-Snyder, 
43,000; and Cogdell, 13,000. Drilling in the fields is nearing 
completion; and as of January 1, 1951, it is estimated that 
the areas are developed respectively in the following percent- 
ages: 83, 84, 92 and 74. Fig. 1 shows the rates of production 
and development. During November, 1950, the pool produced 
from 1,537 wells in the four principal areas 4,481,413 bbl 
as follows: Sharon Ridge, 365,053; Diamond “M.” 880,638; 
Kelly-Snyder, 3,040,552; and Cogdell, 555,170. Accumulated 
production December 1, 1950, was as follows, expressed in 
millions of barrels: 2.7, 6.9, 26.4, and 2.6, or a total of 38.6 
million bbl. The allowable for January, 1951, is 2,200 bbl per 
well per month computed on the basis of 100 B/D per well 
for 22 producing days as ordered by the Railroad Commission 
of Texas. The allocation formula for prorating oil production 
is based on 50 per cent on acreage and 50 per cent on 
wells, so that 50 B/D is allowed to each well and 1.25 B/D 
per well for each acre assigned to the well, with 40 acres 


FIG. 1 — PRODUCTION AND DEVELOPMENT HISTORY REEF FIELDS OF 
SCURRY COUNTY AREA, TEXAS. 
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Table I 


Crude Oil Properties of Several Limestone 


Fields of West Texas 


S. Bureau of Mines Analysis 


Typical 
Reservoir 
Oil 
Bubble 
Point 

1946 


Gasoline 
Sulphur, and Naphtha, 
Per Cent Per Cent 
0.20 43.0 
0.38 38.2 
0.22 42.1 
0.18 32.6 
2.07 32.4 
0 22 42.1 
0.10 41.1 
1.25 33.3 


Gravity Depth, 
Ft 


Field 
Diamond 6569-6617 
, 6857 
6773-6778 
9870-10,010 
4800-5200 
6260-6419 
7934-7966 
4950-5150 


“mM” 
1860 
4265 


(Ellen.) 
1720 


Keystone 
Slaughter 
N. Snyder 
Vealmoor (Reef) 
Wasson 


Cf ene enene Db 
be & = be 30 to 23 le 


te Sm eis— aH 


the usual amount assigned to each well. As of December 15, 
1950, nine-tenths of the wells were on assigned areas ranging 
in size from 35 to 50 acres. 


THE RESERVOIR 


Stock tank oil originally in place is estimated between 3.5 
and 4 billion bbl. The amount of oil in place has been deter- 
mined both by volumetric and material balance calculations. 
For the volumetric calculations, water table is assumed at 
4,450 ft subsea in Sharon Ridge, 4,506 ft subsea in Diamond 
“M” and Kelly-Snyder, and 4,550 ft subsea in the Cogdell 
area. Porosity of the entire or gross reef section averaged by 
areas varies between five and eight per cent. 

From the age of the fossils and surrounding beds, the age 
of the reef is identified as Pennsylvanian. Detailed study’ has 
been made of the structural and fossil content of the reef. It 
is estimated that one-half of the reservoir rock is made up of 
recognizable fossil fragments, mainly forams and echinoderms, 
most of the samples examined show recrystallization. Half of 
the samples show fine fractures, largely vertical. 

The reef is a bioherm, eroded to its present shape and cov- 
ered entirely with shale. Its surface has a more gentle slope 
to the northwest and the steeper east and southeast flanks 
are believed to be on the seaward side. A few wells have 
shown oil production in Pennsylvanian sand lentils in the 
lower several hundred feet of shale above the reef. Below 
the eastern edge of the reef several wells are producing oil 
from layers in limestone of Strawn age, and still lower a few 
wells have found production shows in the Ellenberger dolo- 
mite. Fig. 2 shows that regionally, the field is located on the 
east side of the Midland Basin, as are most of the other reef 
fields of Pennsylvanian age. The reef mass was built up on 
top of limestone of Mississippian age overlying Ellenberger 
dolomite. Carl B. Richardson’ has originated the idea that 
the absence of major separations of nonlimestone material 
between the base of the reef and the top of the Ellenberger 
added materially in trapping oil in the reef. The development 
of the continuous limestone section and the relative absence of 
non-calcareous sediments between the Ellenberger formation 
and the base of the reef is explained by a granite arch in the 
Scurry County area present before and during the development 
of the reef bioherm. Later the regional west dip of 30 ft per 
mile was established by tilting of the area. 
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FIG. 2 — LOCATION OF SOME PENNSYLVANIAN REEF FIELDS IN TEXAS. 


RESERVOIR FLUID 

rhe reservoir oil is distinguished from typical West Texas 
crudes principally by higher API gravity and gasoline con- 
tent, lower sulphur content and less residium. Comparison is 
made in Table I of crude oil from several representative fields. 
Reservoir fluid of almost identical composition is found in 
each of the areas of the Scurry County Reef Pool as shown 
in Table Il. The bubble point in Sharon Ridge of 1,890 psi 
compared to 1,946 psi in Diamond “M” and 1,725 to 1,866 
in Kelly-Snyder, a trend being toward lower bubble point 
northward. The initial reservoir pressure was 3,122 psi gauge 
at 4,300 ft subsea, a datum 206 ft above water table. By 
single-stage atmospheric flash liberation, the produced gas/oil 
ratio or GOR is measured at .944 to 1,168 cu ft per bbl. 
The corresponding formation volume factor is between }.57 
to 1.69 bbl of reservoir oil per bbl of stock tank oil. Com- 
pressibility of the reservoir oil is such that nearly two per 
cent of the oil is displaced to effect a reduction of the pres- 
sure from the original value to the bubble point. As of Janu- 
ary 1, 1951, a typical value for reservoir pressure was approx- 
imately 2,300 psi, meaning that all of the oil produced to 
date could be accounted for by oil expansion. Because of the 
absence of free gas within the reservoir and the lack of influ- 
ence from water drive, pressure has declined in 
proportion to the withdrawals. 


PRODUCTION PLANNING 


Because of the size and importance of the field, the decline 
in pressure has been given attention widely. At hearings on 
Kelly-Snyder Diamond “M” before the Railroad Com- 
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Table Il — Reservoir Oil Analyses of Several Reef Fields 


Number 
Field 
I Reservoir Temperature, 
a. Saturation Pressure 
b. Viscosity of Saturated Oil at Reservoir Temp., Cp 
ce. Compressibility Relative Volume at: 3,000 psig 
2,000 psig 


1 
Sharon Ridge 
128 
1890 
0.33 
0.9847 
0.9984 
76 
1176 
1.68 
41.8 


F 


Flash Liberation Temperature, °F 
Gas/Oil Ratio, Atmos. Flash 
Formation Volume, Vs/Vr 
API Gravity 

*Flash Liberation 20 psig 
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5 10 
Kelly-Snyder 
123 


3 4 5 7 
Diamond M Kelly-Snyder Kelly-Snyder Kelly-Snyder 
130 
1946 

0.34 


128 
1860 
0.50 
0.9823 
0.9975 
70 


1838 
0.33 
0.982 

0.9989 0.996 

74 

1168 
1.691 


41.6 


7 76 

"944 
*1.573 
*43.3 
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ENGINEERING DEVELOPMENTS IN LOCAL SECTIONS 


Offshore Operations: State vs. Federal Ownership 


Texans must call for aid from other 
states if it is to receive any money 
from oil and gas developed in the Gulf 
tidelands, Bascom Giles, Commissioner, 
General Land Department, State of 
Texas, told the Southwest Texas Section 
at their March meeting. 

Giles, who probably knows more 
about the tidelands than any other 
Texan, said the state now has no claim 
on the tidelands, or offshore, oil and 
gas production. But he doesn’t think 
the average Texan realizes this. 

Congressional action is necessary be- 
fore the tidelands troubles can be clar- 
ified, Giles pointed out. Last June, the 
Supreme Court ruled that Texas and 
Louisiana had no valid claim, and that 
the government did, to the offshore 
lands. That decision, however, left 
things a little muddled. When present 
wells are completed, there can be no 
additional drilling until there is Con- 
gressional clarification. 

But the Texas land commissioner 
doesn’t expect the congressmen to act 
without pushing from their constituents, 
and he doesn’t think Texans alone can 
stimulate many congressmen. 

“The best thing the individual Texan 
can do is to interest other states in 
our plight,” Giles said. “Right now we 
could concentrate on Michigan, because 
I think that state soon is to lose its 
claims to Lake Michigan. The govern- 
ment will declare that lake the open 
sea — like it is trying on San Pedro 
Bay in California. Residents of the 
eastern seaboard ought to be interested 
in our troubles, too. If they’d help us 
now, we could help them later.” 

Two tidelands bills have been intro- 
duced in Congress, but Giles isn’t en- 
thusiastic about immediate action on 
either. 

One of these bills is referred to as 
the “interim bill.” Giles thinks the only 
way this legislation can be passed is 
through a federal-state agreement for 
the state to receive at least 37.5 per 
cent of the oil and gas revenue from 
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Southwest Texas Section 


the shore out to the outer edge of the 
Continental Shelf. The state also must 
have the power to veto the federal lease 
awards. 

Under the interim plan, the govern- 
ment would use 10 per cent of the tide- 
lands oil revenue for administrative 
costs (Giles thinks that figure is too 
high), and 52.5 per cent would be 
placed in escrow pending future con- 
(That would give 


gressional action. 














BASCOM GILES 


Texans a shot at it anyway, Giles 
said.) 

The so-called quit-claim bill, which 
has the support of 35 senators, would 
give the title back to the state’s origi- 
nal boundaries. For Texas, that would 
be 10.5 miles. This bill, however, does 
not provide for division of monies de- 
rived from wells beyond the 10.5-mile 
limit. 

If he had his choice, Giles would 
hope for the interim plan (as it pres- 
ently is written) because, he says, the 
tidelands beyond the 10.5-mile limit out 
to the edge of the Continental Shelf, are 
“nine times as valuable” as inside the 
original Texas limit. 
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“But we won't get anything if Texans 
don’t start to work on this thing,” he 
said. 

So far, Giles said, Texas has realized 
about $8.3 million in revenue from 
tidelands oil and gas, and $8 million 
of this was from leases sold after the 
government started its move towards 
claiming the offshore properties. For 
awhile, he said, the government wanted 
all or part of that $8 million, but later 
the state was allowed to keep this 
money. 

Most of the $8 million came from 
leases beyond the 10.5-mile limit, Giles 
continued, and since those properties 
are more valuable that is why he thinks 
Texas should fight for the present pro- 
visions of the interim bill. The interim 
bill also provides a leasing setup simi- 
lar to that formerly used by Texas. 

Texas held its first tidelands lease 
sale in 1922, Giles said, and has had 
“periodic but not exactly continuous” 
sales since then. There was not much 
interest at first, he explained, since 
there was plenty of land available. and 
little was known about marine drilling. 

“But nobody kicked about the leases 
then,” he said. 

World War II made the tidelands oil 
search important, and Giles thought 
Texas issued its first lease beyond the 
10.5-mile limit about 1945. Government 
action for federal claim followed 
shortly. 

Most states have rights only three 
miles off their coasts, but Texas chose 
to follow the Spanish rule rather than 
the English rule and thus claimed a 
10.5-mile jurisdiction, Giles e.plained. 

Presently, the government claims first 
rights to lands right up to the Gulf 
side of Padre — and other islands — of 
the Texas coast, Giles said. Bays and 
river waters remain in state control. 

“The bay waters may come next,” 
Giles said, “but right now, I wish 
Texans would quit talking about how 
we can retain our Gulf tidelands. We've 
lost those. We'd better talk about get- 
ting them back.” ee Ff 
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Core Analysis and Electric Logging 


Reported by John C. Jacobs and William C. Goodson 


Paul Reichertz, Magnolia Research 
Laboratory, led the Dallas Study Group 
of the North Texas Section in a dis- 
cussion on Core Analysis last month. 


The core itself, it was pointed out, 
must be carefully handled before analy- 
sis. Any change in water content due 
to weathering, freezing. or sublimation 
will affect connate water determina- 
tions. To negate such effects, one com- 
pany seals its cores in cans and takes 
samples for analysis by perforating the 
can. 

It was agreed that surface area de- 
terminations made by existing methods 
are of doubtful validity. 


Porosity results obtained by using 
air are consistently high. Better results 
are obtained by using helium which is 
not absorbed by the sample being 
tested. Porosities are also in error as 
the size of the sample of core being 
tested decreases. To correct this large 
size porosimeters, capable of testing a 
full sized diamond core, have been de- 
veloped. And a program is now under 
way, under the auspices of the Ameri- 
can Petroleum Institute, to standardize 
porosimeters around the country by 
testing each on identical rock samples. 
This procedure is subject to the errors 
of personal factor and sample break- 
down through re-use. 


It was agreed that core analysis re- 
sults from tight low permeability sam- 
ples are not as reliable as results from 
more permeable samples. As a general 
rule porosity correlates directly with 
permeability, but this rule is too gen- 
eral to be of much practical value. 


A comparison indicated that Devo- 
nian limestone reservoirs in Texas, Can- 
ada, and Wyoming have similar rock 
qualities. There is an immediate need 
for the correlating of rock qualities and 
for the better definition of formations 
throughout all oil producing areas of 
the world. 


Approximately 60 people attended the 
Dallas Study Group meeting two weeks 
later to participate in a discussion on 
the “Data Available from Electric Well 
Logs as Compared with Core Analysis.” 
The discussion was led by Magnolia 
Research's Reichertz and by Atlantic 
Research's Slobod and was limited to 
a consideration of limestone reservoirs. 
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North Texas Study Group 


The possibility of eliminating perme- 
ability from consideration in deciding 
whether to set pipe on a limestone res- 
ervoir (say, with 5 per cent porosity, 
80 per cent oil saturation, and zero 
permeability) was felt to warrant fur- 
ther consideration. Such a move would 
make complete reliance on electric logs 
(from which i 
culate permeability) for rock proper- 
ties, and the elimination of coring, a 


is not possible to cal- 


possibility. Permeabilities can be ob- 
tained without coring by the use of 
pressure build-up methods. The exist- 
ing methods can also be used to give 
formation pressures, and possibly to 
evaluate Hydrafrac, and to determine 
the extent of mud damage in the vicin- 
ity of the well bore. 

By the use of empirical formulae it 
is possible to calculate porosity from 
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Radioactivity Logging in California 


Reported by M. C. Eastman 
San Joaquin Valley Section 


Shannon Baker of Lane-Wells Co. 
discussed the history and development 
of the radioactivity service at the March 
Meeting of the San Joaquin Valley 
Section in Bakersfield, Calif. He re- 
ported that since the presentation of 
the service by the Lane-Wells Co. in 
1940, more than 30,000 logs have been 
run, some 1,200 of which were in Cal- 
ifornia. 


The radioactivity log is particularly 
valuable because it can be run at any 
time and under very adverse conditions 
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cased hole, in or out of any type of 
fluid. All surveys are accompanied by a 
collar log which removes all measure- 
ment problems by tying all previous 
logs as well as the Radioactivity Log to 
the casing collars. It was explained that 
the gamma ray log is made possible by 
the fact that all formations are slightly 
radioactive. Uranium, thorium, and oc- 
tinium are the chief conrtibutors of the 
gamma rays which are recorded. 

The gamma ray curve is a recording 
of the primary gamma ray emission of 
the formation and denotes lithology 
independent of the fluid content. 

The neutron curve, which is the com- 
pliment of the gamma ray curve, records 
the amount of hydrogen present. Thus 
it indirectly indicates porosity. The in- 
strument is sensitive to the secondary 
gamma rays emitted by the formation 
when it is bombarded by neutrons. 

Porosity is being recorded quantita- 
tively with great success in limestone 
areas. Sandstones present a more diffi- 
cult problem. However, success has 
been met with in sandstone areas in 
Texas and Venezuela. 

The neutron curve is used extensively 
in California for the location of gas 
sand and gas caps. The application of 
the curve to the determination of poros- 
ity is actively being studied. It is hoped 
that soon the determination of quanti- 
tative porosity with the neutron curve 
will also be practical for California 
industry. a 2 
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Sub-Surface Corrosion 


Reported by Leon Singleton 
Gulf Coast Section 


R. C. Buchan of the Humble Oil and 
Refining Co. spoke on “Sub-Surface 
Corrosion in Oil and Gas Wells” before 
a meeting last month of the Gulf Coast 
Section with 87 members in attendance. 

Buchan covered thoroughly the ex- 
tent of severity of sub-surface corrosion 
in condensate wells and deep oil wells. 
He pointed out that corrosion was one 
of the most detrimental costs to the 
oil industry and that in determining 
failures in oil and tubular goods, it was 
a matter of differentiating between me- 
chanical and corrosion failures. He 
then went into the subject of external 
and internal corrosion, in which he out- 
lined that external corrosion was caused 
by salt water, gases, bacteria and stray 
electric currents. 

Buchan then covered methods of pre- 
venting corrosion by the use of in- 
hibitors such as alkalies, cromates, or- 
ganic materials, liquids and the new 
use of inhibitors that are made in 
sticks and can be dropped into the 
well to dissolve. 

He stressed that corrosion was an 
economic problem and should be viewed 
with alarm and that the extent of cor- 
rosion should be determined and a 
proper corrosion preve ition program 
instituted by use of visual inspections, 
caliper surveys, water and gas analysis 
and the proper selection of methods 
and materials for the prevention of cor- 
rosion. Upon the completion of his 
talk, the floor was open for questions. 


A movie was then shown, entitled, 
“Birth of an Oil Field,” which was 
devoted to the complete setting-up and 
drilling of an oil well, the completion 
of the well, the production of the oil 
and the final distribution of the oil 
after the finding. The movie may be 
easily understood by the average lay- 
man. Underground scenes were de- 
picted by animated cartoons or models 
in which the actual drilling. producing 
and refining methods could be viewed 
and understood. 


A. W. Waddill, chairman of the sec- 
tion, gave a brief report of some statis- 
tics learned while attending the AIME 
Annual Meeting in St. Louis. Harold 
Decker, president of Houston Oil Co., 
also gave a brief report of the Annual 
Meeting and at the same time stated 
that it is hoped within the next few 
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years that the Petroleum Branch could 
entertain the idea of having its Annual 
Meeting either in Houston, Tex.. or 
New Orleans, La. 

Each chairman of the different com- 
mittees was then called on by Waddil! 
for a brief report. 


Study Group 

The Reservoir Engineering Study 
Group sponsored by the Gulf Coast 
Section AIME held its regular monthly 
meeting in the Rice Institute Chemistry 
lecture hall March 13. L. D. Wooddy, 
reservoir engineer in the Humble Co.'s 
Friendswood District. spoke on the dis- 
placement of oil from reservoir rock 
by water encroachment. Wooddy devel- 
oped the theoretical displacement equa- 
tions utilizing Darcy’s law and concepts 
of relative permeability, and capillary 
pressure and gravity segregation. 


R. C. BUCHAN 


He further illustrated the manner in 
which the theoretical equations were 
utilized and applied to reservoir studies 
whereby such things as distance and 
rate of water encroachment into the 
reservoir and oil recovery under various 
operating programs can be predicted. * 


Fundamentals of Corrosion 


Reported by Daniel M. Moon 


Illinois Basin Chapter 


Some 80 members of the Illinois 
Basin Chapter heard William F. Gross, 
research chemist for the Tretolite Co.., 
compress the fundamentals of corrosion 
into a short talk last month in Mt. 
Vernon, III. 

Gross pointed out that corrosion is 
the chemical degrading of a metal and 
occurs because metals in a useful state 
have a higher chemical energy level 
than their respective ores and so tend 
to revert to their original compounds 
unless prevented. Rust is a special case 
of corrosion due to oxygen and water 
in the atmosphere. Because corrosion 
occurs in spots, pits, crevices and not 
evenly over the entire surface it is a 
serious problem 


The fundamental chemical equation 
of corrosion is 


YV-M t 2e 


The less a metal attracts its elec- 
trons the more readily these electrons 
leave the surface and the greater will 
be the negative charge build up on the 
metal due to the loss of the metallic 
ion. Therefore, the chemical EMF se- 
ries is used in corrosion studies. The 
corrosion of a metal will be increased 
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if it is attached to another metal which 
has a greater attraction for electrons. 
On the other hand, corrosion of a metal 
will be decreased if it is attached to 
another metal of lesser electron attach- 
ing power. This is called cathodic pro- 
tection. The connection of two different 
metals having different attractions for 
electrons is a big factor in corrosion. 
{ new joint in a string of tubing will 
have different characteristics than the 
old joint and possibly increase corro- 
sion. 

The region of formation of metallic 
ions, where the metal leaves the sur- 
face is called the anode. Such activated 
regions are points of strain, cracks, 
scratches, breaks in the mill scale and 
areas closed from a supply of oxygen. 
The velocity of flow, salt concentration, 
amount of oxygen present, affect cor- 
rosion but not always in the manner 
expected. For example, an increase in 
salt concentration above a certain point 
will decrease corrosion. Some metals 
such as aluminum form a nonporous 
continuous protective film which is 
firmly attached to the metal and ef- 
fectively prevents continued degrada- 
tion once the film is formed. * * * 


SECON Ts. HH 





Production Engineering Research 


Reported by Herman Dykstra 
Pacific Technology Group 


H. Tempelaar-Lietz of the Shell Oil 
Co. was lead-off speaker of a new series 
of lectures begun last month by the 
Pacific Technology Group in Los An- 
geles, Calif. Topic for the series is 
“Research Pertinent to the Exploration, 
Pvilling, Producing and Surface Proc- 
essing of Petroleum.” 

Tempelaar-Lietz introduced his talk 
by a twofold definition of research as 
described in Webster: (1) 
diligent search, and (2) critical and 
exhaustive investigation or experimenta- 


careful or 


tion having for its aim the discovery of 
new facts and their correct interpreta- 
tion or the revision of accepted conclu- 
laws, in the light 
of newly discovered facts. The first defi- 
nition is a general term broadly descr’b- 
ing all types of research. 


sions, theories, or 


As in all other fields of research, pe 
troleum engineering research can be 
divided into two classes: viz., long- 
range basic research and applied re- 
search. An example of the first class is 
the basic research into the properties 
of clay materials. Although some petro- 
leum engineers may be active in this 
type of work, it is essentially carried 
out by physicists and chemists. 


The second definition, while in gen- 
eral applicable to all types of research, 
is more in particular applicable to the 
second class of research, as it refers to 
newly facts. It is in this 
applied research that the petroleum en- 
gineer will find his field of activity. He 
should study the results of 
search and through their application 
attempt to solve problems which arise 
during the exploitation of oil reservoirs. 
As an example the results of the basic 
clay be of considerable 
significance in the preparation of drill- 
ing muds and in improving tke pro- 


discovered 


basic re- 


research may 


ductivity of reservoirs containing shale. 


Basic re earch can be carried on by 
a company, or a group of companies, or 
a university. Examples of combined re- 
search are the API Projects 27, 37, and 
43. Other basic research problems may 
be small and of a confidential nature 
so that only one company may work on 
a particular research problem having 
as its end result the application to a 
specific reservoir problem which the 
company wishes to solve. 


ae. lw +e SN 1 


Not only should various oil field re- 
search laboratories carry on research. 
but petroleum engineers should also be 
fully fa- 
miliar with the long-term basic research 


researchers. They should be 
programs and attempt to apply results 
from basic research. The petroleum en 
gineer is therefore an applied re 
and his duty is to collect data 
and arrange them on an empirical or 
on a theoretical basis. 
oretical solutions can be 
modified, or 
theory indicates that 


searcher, 


In this way the 
checked. or 
For example, 
should 

be independent of well spacing. Yet 
wells which have been drilled between 


discarded. 


recovery 


producing wells in a semi-depleted field 
were better than the sur 


rounding wells and sometimes have im 


producers 


proved the economical recoveries from 
reservoirs. Some of the reasons for this 
behavior are presence of faulting, sand 
inhomogeneity, and changing sand char 
acteristics; which reasons are usually 
not included in the theory. 


An example of conflicting field and 
laboratory data was also mentioned by 
Tempelaar-Lietz. Relative gas perme- 
ability to relative oil permeability ra- 
tios from laboratory data and from field 
data are frequently in disagreement. To 
help solve this problem the researcher 
in the laboratory can study the effect 
of different ways in which relative per- 
meability data are obtained, whereas 
the petroleum engineer should collect 
field data and see that field data are 
accurately obtained. Computations based 
on laboratory or field data may not give 
the desired answer so that comparison 
of similar rezervoirs may be of value. 

Tempelaar-Lietz summarized his talk 
by giving the duties of a petroleum en- 
gineer: 

1. Study reservoirs and make an em- 
pirical analysis. 

2. Try to derive basic ideas from the 
deviations and put them in a form that 
they can be studied by a basic research 
group. 

3. Keep up to date with develop- 
ments of basic research and attempt te 
apply their findings. 

1. Compare results of similar studies 
on different reservoirs in an effort to 
find a common factor. 

5. Give the suffi- 
cient time to complete their often long, 
es = 2 


basic re-earchers 


drawn-out research. 


Porosity Determination By Logging 


Reported by E. C. Taylor, Jr. 


North Texas Section 


\ 30-minute talk by A. J. Kerr. dis- 
trict geologist for Lane-Wells Co.. on 
“Porosity Determination by Radioactiv- 
ity Logging in North-Central 
highlighted a banquet of the 
Texas Section last 
Falls, Tex. 

Kerr explained how porosity may be 
determined from radioactivity logs in 
North-Central Texas fields. The subject 
naturally divides itself into three parts 


Texas” 
North 
Wichita 


month in 


for explanation. First, a brief review 
of the gamma ray and neutron. Second, 
the technique used in the Fort Chad- 
bourne Field, and third, a comparison 
of neutron derived porosity and poros- 
ity from core analysis. 

The 


curve, 


gamma ray is the lithology 
which natural 
gamma ray radiation of the formation. 


Knowing the relative amount of radio- 


measures the 


activity of each formation; the top and 
bottom of limes, sands, and shales may 
be obtained. 

The neutron is primarily a measure- 
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ment of the fluid or hydrogen surround- 
ing the instrument. Therefore, if the 
fluid in the borehole is constant, then 
any variation in the neutron curve in a 
limestone will reflect the relative 
amount of fluid in the adjacent zone. 
Since there is a relationship between 
fluid and porosity within a limestone, 
the neutron varies exponentially with 
the porosity. 

The three components of the neutron 
curve were briefly discussed. The total 
of the neutron 
will be represented by / is equal to 
1,+1,+ 4,. 

I gamma rays induced by action 

of neutrons upon the formation. 


intensity curve which 


] gamma rays from source. 

/ gamma rays from formation. 

/, is the most important since it va- 
ries with porosity or fluid. /, and /, are 
constant and negligible in a limestone 
with a constant borehole size. 

The procedure of coring a well in a 
9 


Continued on Page 9, Section 
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Lincoln Elkins = 


Petroleum Branch Vice-Chairman 


HEN Lincoln Elkins was a stu- 

dent in high school and later col- 
lege, he received a great personal de- 
light in confounding his professors with 
trick questions. He would bend over his 
books for long hours, generally keeping 
several paces ahead of the class... and 
the notes of the unfortunate professors. 
During the formal sessions of the 
courses he would feed the wary instruc- 
tors involved questions that more times 
than not proved embarrassing to the lat- 
ter. These antics did not, fortunately, 
deprive Line of a bachelor of science 
degree which he was awarded by the 
Colorado School of Mines. Nor did they 
later prevent him from successfully 
completing a year’s graduate work at 
the University of Texas, all in petro- 
leum engineering. 

That he went on with the practice of 
keeping several paces ahead of his fel- 
lows is now evident in searching out 
his contributions to the literature of his 
profession. Another gauge of his ability 
may be seen in his recent election to 
the vice-chairmanship of the Petroleum 


Branch, AIME. 


LOSE friends of Paul Turnbull 

claim that when he goes hunting in 
the wilds of South Texas he might as 
well take a sling shot along in lieu of 
firearms. It’s not that his aim is faulty 
.. . he just doesn’t care if he scores a 
hit or not. The same might be said of 
his golf game. 

Paul’s activities in the petroleum in- 
dustry, however, have been in marked 
contrast, with hits being scored down 
the line during his 22 years of profes- 
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In looking at Line as vice-chairman 
of the Branch, probably one of his most 
outstanding personal virtues is his pa- 
tience. This trait is exemplified by one 
incident in his life, probably more than 
by any one other. During his time at 
Colorado School of Mines in the late 
1930's, he was forced to lay away from 
his classes for a year to recuperate 
from an attack of the dread disease, 
infantile paralysis. During this period 
of convalescence he became interested 
in astronomy and built several tele- 
scopes with which to work. 

Line’s brother, Lloyd Elkins of Stan- 
olind in Tulsa, points out that once 
while he was grinding out an eight-inch 
mirror, after spending literally hours 
and hours on it, he broke it. 

“Instead of getting mad and dis- 
gusted like many persons would,” Lloyd 
recalls, “he just nonchalantly tossed it 
into a junk pile and picked up a new 
plate of glass and started over again.” 

After finishing his year of graduate 
work at the University of Texas, Line 
spent the next four years with Stano- 
lind Oil and Gas Co. as research engi- 


Paul R. Turnbull — 


neer in reservoir engineering. The fol- 
lowing two years were spent with Con- 
tinental Oil Co. as production engineer. 
Since that time he has been with Sohio 
Petroleum Co. as special projects en- 


gineer. 


(mong the papers he has contributed, 
or co-authored, are “Pilot Gas Injection 
Its Conduct and Criteria for Evalu- 
ation,” and “Lance Creek Sundance 
Reservoir Performance— A _  Unitized 
Pressure Maintenance Project.” * * * 


Petroleum Branch Vice-Chairman 


sional work since leaving the University 
of Oklahoma with a BS degree in Pe- 
troleum Engineering. And now after 
15 years of outstanding membership in 
the AIME, he has been elected a vice- 
chairman of the Petroleum Branch for 
1951. 

Paul began his career with Humble 
Oil and Refining Co., being actively 
engaged in that company’s affairs in 
West Texas, East Texas and Southwest 
Texas for 19 years. In August, 1946, 
he was made Division Petroleum Engi- 
neer for Humble’s Southwest Texas 
Division at Corpus Christi. He held 
that position until September, 1949, 
when he was appointed Manager of 
Drilling and Production for the La 
Gloria Corp., the position he holds 
today. 

During this time he threw himself 
into the affairs of the AIME. In 1947 
Paul served as the first chairman of 
the Southwest Texas Section and was 
elected a director of the section in 
1948. Also in 1947, he served as the 
section’s delegate to the Annual Meet- 
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ing. In 1949, he was appointed vice- 
chairman of the Production Technol- 
ogy Committee (now Technology Com- 
mittee) and acted for the chairman in 
arranging the program for the Petro- 
leum Branch Fall Meeting in San An- 
tonio, Tex. 

In September, 1942, Paul entered the 
Air Corps as a second lieutenant and 
served in the European theater for 22 
months, retiring from active duty in 
September, 1945, as a major. 

Paul married the former Margaret 
Rose, a graduate of the University of 
Texas. This latter point is the heart of a 
minor feud between man and mate. Paul 
looks forward with high glee each year 
to the Oklahoma University - Texas Uni- 
versity football classic in the Cotton 
Bowl. Being an ardent booster for his 
alma mater, he has had reason in re- 
cent years to direct considerable verbi- 
ace at Mrs. Turnbull, what with TU’s 
fortunes being at ebbtide in the series. 

Paul's heir is three-year-old Rob, Jr., 
who uses a short form of his father’s 
middle name when called from play. * 
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TO TURN THESE WIGGLY LINES INTO ACCURATE 
persis: ee 
DOWN-HOLE INFORMATION 


SENSITIVE INSTRUMENTATION 


— that means instruments quickly responsive to every 
change in down-hole conditions; instruments which pro- 
duce curves of high repeatability — This describes Lane- 
Wells instruments, which give curves of the highest sensi- 
tivity and accuracy. 


OPERATING EXPERIENCE 


— which means intimate knowledge of local conditions 
and the variance in response which change from field to 
field. Lane-Wells has logged more than 33,000 wells. 


EXPERIENCE IN INTERPRETATION 


— Nothing — literally, nothing — can substitute for the 
knowledge gained in running, reading and checking more 
than 33,000 well logs. 


ACCURATE DEPTH MEASUREMENT 


— Not only are Lane-Wells depth measurements the 
standard of the industry, but the Lane-Wells collar log, 
which ties all the log to the casing collars, allows you to 
position tools for future down-hole work with an accuracy 
measured in terms of inches. : 


TYPES OF POROUS 
FORMATION ZONES 





EXTENT OF FLUID-BEARING 
FORMATIONS ZONES 





FLUID ACCURATE 
LEVELS DEPTHS 
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General Offices, Export 
and Plant « 5610 So. Soto St. lLane-Wells Canadian Co. in Canada 
tes Angeles 58, California Petro-Tech Service Co. in Venezuela 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 1, 1951. Any discussion offered thereafter should be in the form of a new paper. 








EXPERIMENTAL INVESTIGATION OF FACTORS 
AFFECTING LABORATORY RELATIVE 
PERMEABILITY MEASUREMENTS 


T. M. GEFFEN, JUNIOR MEMBER AIME, W. W. OWENS, D. R. PARRISH, AND R. A. MORSE, JUNIOR MEMBER 


AIME, STANOLIND OIL AND GAS CO., TULSA, OKLA. 


ABSTRACT 


Laboratory studies of several factors affecting measurements 
of relative permeability were made using the three-section 
plastic-covered core technique. Results show that the core 
assembly, properly constructed, will perform as a single unit, 
and that the testing technique will, under suitable conditions 
of pressure gradient, gas expansion, and migration of partial 
water saturation, permit measurement of flow characteristics 
not affected by technique. Wettability equilibrium is readily 
established in cores exhibiting strong wetting preference to 
water or oil when initially saturated with water. Laboratory 
tests must be conducted so that saturation changes represent 
those that occur in the reservoir. Immediate implications of 
saturation history are (1) that the possibility exists of in 
creasing the displacement efficiency of solution gas drive res 
ervoirs over the natural process, and (2) residual gas satura 
tions following water flooding in gas or gas condensate reser 
voirs will be 15 to 50 per cent pore space rather than | to 11 
per cent as generally believed. 


INTRODUCTION 


Solutions of petroleum reservoir problems pertaining to 
production performance require the use of true relative per 
meability characteristics. This relationship of fluid condu« 
tivity and saturation has been obtained by reservoir engineers 
in four ways, namely: 

1. From past gross reservoir performance and the extrapola 
tion of this data based on experience,”* 

2. By using published fluid flow relationships obtained in lab 
oratory studies on general type porous materials,”* 

3. By attempting a mathematical derivation of flow behavior 
using some experimentally obtained characteristics of res 
ervoir rocks, and 


‘References given at end of paper. 

Manuscript received in the office of the Petroleum Branch Sept. 27, 195( 
Paper presented at the Fall Meeting of the Branch in New Orleans, La 
Oct. 4-6, 1950. 
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1. By laboratory flow tests using representative rock samples 
of a reservoir. 

The first three methods listed above have shortcomings 
which make their use limited or questionable. Production 
characteristics of only certain processes are obtained from 
field data and these are not available at the beginning of a 
reservoirs producing life, at which time they are desirable. 
It is fortuitous if general fluid flow characteristics obtained 
experimentally have accurate application to specific field prob- 
lems. Also, it is felt that at this time there is not sufficient 
knowledge of the flow behavior of oil, water, and gas in porous 
materials to enable applicable analytical description of this 
to be made based on other measured rock characteristics. 

Measurement of relative permeability in the laboratory 
offers the only direct method subject to adequate checking 
for determination of flow characteristics applicable to field 
problems. Primarily, this paper deals with laboratory experi- 
ments to establish the effects of several] factors on the measure- 
ment of relative permeability and the practical significance 
of this knowledge. 

Laboratory flow essentially model 
gross reservoir being represented by a small rock sample. 
It is necessary to simulate in experiments all the factors of 


tests are studies; the 


importance which influence flow in the reservoir, as well as 
to eliminate effects peculiar to the model studied to assure 
measurement of valid flow behavior. 

Factors which affect the measurement and behavior of fluid 
flow in porous materials have been studied by other investi- 
gators. This analysis is not intended to evaluate fully 
all factors involved, but to establish first the validity of meas- 
urements by the technique used and then study flow behavior 
under various conditions. The studies reported are as follows: 
1. Effects of pressure gradient, 

2. Effects of gas expansion in tests conducted at near atmos- 
pheric pressure, 

Effects of migration of a partial water saturation in oil-gas- 

water systems, 

Effects of wettability characteristics of the system, and 

Effects of the fluid saturation history. 

The first three are important only in laboratory measure- 
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EXPERIMENTAL INVESTIGATION OF FACTORS AFFECTING LABORATORY RELATIVE 


PERMEABILITY MEASUREMENTS 


whereas the last two are 


characteristics. 


ments, 


Studies reported herein deal only with intergranular sand 


stone systems. 


TESTING EQUIPMENT AND GENERAL 
PROCEDURE 


Steady state flow experiments were conducted using three 
section Lucite-covered core plugs similar to those used by 
Morse, Terwilliger, and Yuster.” A few 
made on the method cited. 


modifications 


Core Assembly 


Fig. 1 shows a schematic diagram of a core assembly. Only 
one highly permeable porous plug is used instead of two, as 
was originally suggested; this immediately following a metal 
plate having a 1/16-in. orifice in its center. A minimum void 
age is left in the assembly upstream from the orifice; this was 
found important in limiting slug-type flow, especially in tests 
flowing gas at low flow rates and large liquid/ gas ratios. The 
molding process incorporated the use of a Lucite shell ma- 
chined to fit the required cores instead of powdered plastic 
This has been found advantageous in simplifying the molding 
process and assuring centering of the core plugs in the Lucite 
sheath. Copper wire. to afford electrical contacts, is pulled 
through the Lucite cover and tightened around the cores be 
fore they are molded. Input power electrodes are the orifice 
wire (40-mesh) 


plate at the inlet end and a brass 


placed at the outlet end. 


screen 


Apparatus and Equipment 


Delivery of liquids at constant rate to the core assembly 
is facilitated by two micropumps, one each for oil and water 


Fig. 2). The pumps utilize a piston with a rubber O-ring 
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FIG. 1 — THREE-SECTION CORE ASSEMBLY 
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FIG. 2— FLOW DIAGRAM FOR RELATIVE PERMEABILITY TESTS. 


packing, traveling inside bored cylinders. These are driven 
by an electric motor through variable speed hydraulic trans- 
missions. Mechanical gear boxes are arranged so that the 
input speed to the pump can be chosen as equal to or 1/100 
of the output speed of the transmission. This arrangement 
permits pumping liquids from the 1-in. ID cylinders over a 
rate range of 0.5 to 900 cu cm per hr. Since the pump cylin- 
ders are of uniform bore, input flow rates are determined by 
measuring the speed of the pump drives. Flow of air to the 
core is maintained by throttling a constant pressure through 
a needle valve placed in the mixing head of the core assembly. 
Rates of 


travel of 


air flow are measured at the outlet by timing the 
a detergent film in a graduated burette. Pressure 
drops are measured with a strain gauge pressure transducer 
having a very small fluid displacement necessary for its actua- 
tion. Test core saturations are determined gravimetrically after 
removing the from the means of a 
quick-opening clamp. A four-electrode a-c conductivity circuit 


test core assembly by 
is used to determine water saturation distributions, and the 
attainment of equilibrium during flow. 


General Testing Procedure 


Core assemblies are flushed with several pore volumes of 
pentane, then air dried before being evacuated and saturated 
with a liquid, usually a prepared brine. The specific liquid 
permeability of the test section is measured, after which the 
core assembly is subjected to the flow of oil, water, or gas, o1 
any combination of these fluids. as the test requires. Test read- 
ings are at equilibrium conditions. determined when 
differential pressure and electrical resistance readings (when 
available) become constant with constant fluid injection rates. 


made 


\n extra step is necessary in systems flowing a gas. Electrical 
measurement of test made after flow is 
stopped and pressure in the core equalized at atmospheric 
This electrical conductivity 


core resistance is 


is correlated with satu- 
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rations determined gravimetrically and is used to evaluate 
saturations in the core during the flowing phases of the test 


Description of Fluids Used 


Pure fluids were used in all studies. The brine used was 
prepared from distilled water and NaCl with 50 ppm formal 
dehyde added to retard bacterial growth. The oil phase was 
a close-cut fraction of decane to dodecane. Both brine and oil 
were prefiltered through fine bacteriological filters to remove 
suspended solids. Air was used as the gas phase. 


RESULTS AND DISCUSSION 


Effects of Pressure Gradient on the Measurement 
of Oil/Water Relative Permeability 


A saturation gradient exists in all multiphase flow systems 
Leverett’ has explained this as being due to a capillary discon 
tinuity occurring at the outflow boundary of the porous sys 
tem and has referred to this phenomenon as “end effect.” 
Physically what occurs is a piling up of the wetting fluid 
toward the downstream boundary of the system. Analytical 
expressions can be written to describe the effects on flow 
measurements of this saturation gradient in a system. The 
gradient is affected by capillary pressure and relative perme 
ability characteristics, fluid properties and flow rates or pres 
sure differentials. The computations necessary are complex 
and require a knowledge of the true relative permeability 
characteristics. Therefore, an experimental evaluation of this 
factor is the feasible approach. The disturbing effect a satu 
ration gradient has on measurement of relative permeability 
is two-fold: 

1. Relative permeability of flowing fluids is correlated with 
saturations. Measurements in a finite portion of the flow 
system containing a saturation gradient result in deter 
mination of the average saturation and a summation of the 
fluid conductivity. Since rlative permeability and satu 
ration are not related linearly throughout the entire range 
of interest, the computed effective fluid permeabilities ar¢ 
not unique with calculated saturations. This influence on 
the measured flow characteristics is of little consequence 
when the saturation gradient covers a range in which the 
relative permeability-saturation curve is nearly linear, or 
when the existing saturation gradient is small. However, 
from a practical standpoint, this effect is of special im 
portance in measurements of relative permeability to gas, 
as the region of economic importance in solution gas drive 
reservoirs is at gas saturations where the gas relative per 
meability-saturation curve is not linear. Calculations have 
shown that gas relative permeabilities measured over a 
5 per cent uniform saturation gradient can be in the order 
of magnitude of 25 per cent lower than the true value 
associated with the average saturation. 

A saturation gradient in a flowing system establishes the 

presence of a capillary pressure gradient. Thus each of the 

flowing phases will have a different pressure drop over the 
same increment of flow path. Pressure drop in the wetting 
phase will be less than that in the non-wetting. 

Laboratory measurements of pressure gradient, for the 
sake of expediency and simplicity, are usually made in the 
non-wetting phase, as it is at the higher absolute pressure 
and its measurement requires no unusual auxiliary equip 
ment. It is the general practice to attribute this pressure 
drop to both flowing phases. This practice then does not 
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yield an absolutely true measurement of wetting phase rela- 

tive permeability. But a measurement can be made which. 

for all practical purposes, is the true value —this over a 

flow path increment in which the saturation gradient is 

small, and therefore the capillary pressure gradient is per- 
centage-wise extremely small compared to the total pressure 
drop. 

The most disturbing effects of saturation gradients on rela- 
tive permeability measurements occur in determinations made 
when measuring overall pressure drops in a bounded system. 
Three-sectioned core assemblies" were conceived to remedy 
this situation by measuring flow behavior a distance away 
from the outlet boundary where saturation gradients are great- 
Validity of results obtained by this method depends on 
the core performing as a single unit and pressure gradients 
sufficient to confine disturbing influence of end effect to the 
end core segment. 


est. 


Oil-brine tests were performed using a three-sectioned Lu- 
cite-covered core assembly of acidized Nellie Bly sandstone. 
Electrical conductivity ring electrodes were installed on all 
three core sections, separating the assembly into 12 parts, thus 
permitting determination of saturation profiles during flow. 
The procedure was initially to saturate the core assembly with 
brine, then measure the specific permeability of the central 
or test saturation of each of the core segments 
reduced to an “irreducible” brine saturation by using 
semipermeable water-wet diaphragms. At this saturation, the 
capillary diaphragms were removed and the relative perme- 
ability to oil measured. Oil and brine were then simultaneously 
injected at oil/water ratios of 100:1; 10:1; 1:1; and 1:10. 
consecutively. At each flowing ratio, several equilibrium runs. 
each at different flow rates, were made. Electrical conductivity 
readings were measured at equilibrium conditions, and after 
the final run at each ratio, the test section was weighed. 


section. The 
was 


Specific permeability of the test section measured with brine 
was 482 md and its porosity 25.5 per cent. Table I gives the 
calculated results of the steady state flow tests. It should be 
noted that at each flowing fluid ratio, the calculated oil/brine 
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(K./K,) relative permeability ratio varies slightly from run 
to run. This was due to slight variations in the flowing ratio 
upon changing flow rates. The important observation is the 
consistency of the saturation value at each flowing ratio. Satu 
rations in the test core at any ratio agreed within a 
of 0.6 per cent to 1.4 per cent pore space, which is within 
limits of experimental accuracy. Therefore, for the range of 
pressure gradients used, there was no disturbing “end effect” 
on the measured values of relative permeability determined on 
the middle segment of the core assembly. Any important 
“piling up” of the wetting phase must have been confined to 
3 shows this was the situation 


range 


the end core segment. Fig. 
Saturations measured along the three segments of the core are 
shown for each two-phase flow run. The variation in satura 
tion profiles at any ratio shown are not as disturbing as they 
first appear, due to the expanded saturation scale. Profiles of 
the runs for the nominal oil/ brine flowing ratio of 100:1 are 
the only ones which show any trend for an increasing brine 
saturation toward the outflow end of the system, and the mag 
nitude decreases with increases in pressure gradient. All 
other runs do have slight variations in brine saturation at the 
end of the flow system, but do not have the trend which is 
associated with “end effect.” In no case does the saturation 
gradient caused by “end effect” extend appreciably into the 
test section. 

Relative permeability determinations are not always made 
under such satisfactory conditions. Other porous systems hav 
ing basic characteristics different from the core tested can, 
with the pressure gradients used, have a disturbing “end 
A method for 
determining experimentally the range of pressure gradients 


effect” which extends into the test core section. 


which will result in true measurements is possible. At low 
wetting phase saturations, the capillary pressure is at a maxi 
mum and so “end effect” is most disturbing to flow measure 
ments. In this saturation 
gradient at constant flow ratio results in no change in satura 
tion, then the minimum useful pressure gradient is defined 


range, if increasing the pressure 


Subsequent flow runs using pressure gradients above this mini 
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lable I Effects of Pressure Gradient on Relative 
Permeability Measurement 
Average Brine 
Oil/ Wate Saturation 
Flow Rat Kok Per Cent psi/in 
Infinite Infinite 14.2 2.04 
100:] 150.6 36. 4.71 
100:1 149.4 37.3 9.16 
100:1 149.4 $7.2 .27 
100:1 152.3 SF: 0.678 
10:1 15.76 47.: 


14.34 
10:] 15.36 15. 4.93 
15.04 0.994 
1.488 ae 1.24 
1.510 3.05 
0.1507 16.47 
0.1507 8.14 
0.1537 55. 2.43 
0 > 15.91 


Pressure 
Gradient 


mum will result in true relative permeability measurements 
as tested. 


Referring again to Fig. 3 and observing the saturations at 
the planes of contact, it is noted that there is an apparent drop 
in brine saturation at these positions. It must be recognized 
that the planes of contact, due to their physical makeup, have 
a pore geometry somewhat different from the remainder of 
the porous system and will therefore have a different elec- 
trical calibration. Saturations 
were based on a calibration derived for the entire test section 


conductivity-saturation shown 
and so values given at the planes of contact may not be true 
ones. Even so, the fact that flow characteristics were consistent 
with changes in pressure gradient definitely establishes that 
no disturbing flow effects were present. 


Effects of Gas Expansion in Tests Conducted 
at Near Atmospheric Pressure 


of gas adds another complexity to the 


Che expansibility 


measurem relative permeability in a gas-liquid system 
to those already covered in the two-liquid system. This effect 
laboratory tests conducted 
pressure differentials of the same order of magnitude as the 
absolute pressures. The volumetric rate of gas flow becomes 
from inlet to outlet due to 
reduction. Under certain flow conditions, this produces an 


is especially important in using 


progressively greater pressure 
increasing gas saturation in the direction of flow. As previ- 
discussed, this saturation gradient can influence the 
of flow 


ously 
accuracy measurements, 

Laboratory tests to determine experimentally the effects of 
gas expansion on relative permeability measurements were 
made using a three-section core assembly of Tensleep sand. 
Magnesium rings were spaced along each of the three core 
segments and after molding, were leached out with acid to 
make piezometer rings. The core assembly was thus divided 
into seven segments over which pressure drop could be meas- 
ured by mercury U-tube Manometers. Fluids used in the tests 
were oil and air. 

In the first saturated 


and air only was injected into the assembly, with each succes- 


test, the core was initially with oil, 
sive equilibrium run having a higher injection pressure. The 
face of the assembly was maintained at 
thus, each succeeding run had a higher gas 
saturation. Results of these tests are shown in Fig. 4 as rela- 
tive permeability to gas profiles. The general trend of the 
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results indicates the presence of “end effect” which, under 
the conditions of the test, produced an implied saturation 
gradient extending into the test section of the core assembly. 
Under these flow conditions it is apparent that “end effect” 
is of large magnitude and errors in gas relative permeability 
measurements would result. 

A second series of tests was performed by simultaneously 
injecting oil and air, with each successive run 
higher air/oil flowing ratio. Results are shown in Fig. 5 as 
relative permeability to gas profiles. Two things notable about 
these profiles, in comparison to those of Fig. 4, are (1) that 
the range of relative permeability in any one test is smaller 
than in the previous tests, and (2) that the trend of the gas 
relative permeability in these tests is increasing toward the 
outflow end of the assembly, which is in the opposite direction 
to the tests in which gas alone was injected. Obviously, the 


having a 


expansion of the gas under these conditions of flow influences 
the saturation gradient in a manner opposite to that of “end 
effect” alone. This effect is most pronounced in the range of 
low absolute pressures and may be minimized by using differ 
ential pressures small compared to the absolute pressure. 
Fig. 6 shows the results of the second run, in which the fluids 
were injected simultaneously, as gas to oil relative perme 
ability ratio profiles. It is recognized that the differential pres 
sure measured in the gas phase is not the same as in the oil 
as has been assumed in these calculations. However, over the 
short increments of the core that were used in making meas 
urements this error would be small. The curves of Fig. 6 show 
the effects of gas expansion downstream in the system. 

One significant feature of these data is the consistent corre 
lation of the results over the entire core assembly, which indi 
cates that capillary continuity existed between each core seg 
ment at all saturations. Thus, in an air-liquid system, as in a 
two-liquid system, three-section core assemblies perform as 
a single continuous core. 

Gas expansion may have another detrimental effect on meas 
urements of relative permeability in methods which utilize 
saturation determinations by gravimetric means. In the par 
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ticular technique represented herein, it is possible, under cer- 
tain saturation conditions, when using gas pressures in the 
order of magnitude of 1 atmosphere gauge, that removal of 
the test section from the flow system into the atmosphere will 
cause an expulsion of as much as 10 per cent of the pore space 
liquid. Thus the saturations based on weights will be non- 
representative of those existing during the flow portion of the 
test. A method which permits saturation determinations to be 
made while gas is flowing is desirable. 


Effects of Migration of a Partial Water Saturation 
in Oil-Gas-Water Systems 


Relative permeability tests simulating conditions of a gas 
drive reservoir require the presence of a water saturation to 
water. If saturations are 
determined gravimetrically, this water must remain constant. 
Also, any migration of the water, even though its average 
saturation does not change, will alter the flow characteristics 
of the oil and gas. In the laboratory. core water saturations 
can be reduced by displacement with oil by pumping many 
pore volumes through (dynamic method)” or by use of semi- 
permeable pads (static method)."’” In each case the estab- 
lished water saturation will reach an equilibrium with the 
imposed capillary pressure distribution. Subsequent flow con- 
ditions will alter this capillary equilibrium and tend to read 
just the water saturation. If the entire core assembly has 
been previously reduced to an “irreducible minimum” water 
saturation, its mobility, for all practical purposes, is zero and 


represent reser voir connate core 


so no migration can take place. 

The dynamic method of reducing water in a core to a low 
inherently with a changing saturation 
“end effect.” Thus there will be water in the 
s mobile and so migrate with changes in flow 
Laboratory tests to show this phenomenon were 
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made on the sample of Tensleep sand previously 


described. 


same 


Oil was injected into the pre-brine-saturated core assembly 
and a relative permeability to oil profile obtained (Fig. 7). 
Flow was then stopped for 16 hours, after which the oil rela- 
tive permeability profile showed a decided drop in magnitude 
all along the core assembly. This drop in permeability to oil 
can only be attributed to the increase in water saturation over 
that which existed previously. It has been calculated that the 
volumetric amount of water necessary to show this change in 
total oil conductivity was 0.1 cu cm. This amount of water 
was available for redistribution in the core in water previously 
present as “end effect” and also that which adhered to the 
outflow face of the core. Continuation of flow for four hours 
resulted in an oil relative permeability profile which closely 
approached the initial one. It is evident from these data that 
the water saturation was mobile and that its movement within 
the core would have a detrimental effect on gas-oil flow meas- 
urements. 

A solution to this problem is to evaluate individually each 
of the existing fluid saturations. but this approach requires 
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complex equipment and so a simpler method is more accept- 
able. The use of a capillary pressure type water desaturation 
method can establish in the entire core assembly an “‘irre- 
ducible minimum” saturation and thus prevent water migra- 
tion 


Validity of Testing Technique 


fests described have demonstrated that three-sectioned core 
assemblies perform as a continuous unit and with certain pre- 
cautions measurements of relative permeability can be made 
which are independent of the testing technique. 


Effects of Wettability Characteristics on 

Oil/Water Relative Permeability 
rhe effects of wettability characteristics on fluid flow in 

porous materials and the performance of reservoirs has been 

postulated by Ryder,” and others.’*” Therefore, it is not 
deemed necessary to dwell at length on the theoretical aspects 
involved. Suffice it to say here that the relative positions of the 
fluids in individual pore spaces are controlled primarily by 
the wettability characteristics of the system. The wetting fluid 
will be adjacent to the solid surfaces of the pores. This and 
other complexities due to the differences in microscopic dis- 
tribution of the fluids in oil and water wet sands result in 
marked differences in their flow behavior. Certain qualitative 
features of the relative permeability curve are used as criteria 
in establishing the predominant-wettability characteristic of 

a porous system. It is recognized that the practical problem 

concerns only systems containing oil and water — gas is as- 

sumed always to be a non-wetting phase. The features men- 
tioned are: 

1. In a two-liquid system, the non-wetting phase relative per- 
meability curve approaches 100 per cent at low wetting 
phase saturation. 

2. Wetting phase relative permeability reaches a maximum of 
5 to 50 per cent at residual non-wetting phase saturation 
conditions. 

(n investigation of the effects of wettability characteristics 
on flow behavior was conducted using core samples of the 
Nellie Bly sandstone as the porous material. General charac- 
teristics of this sand have been described by Holmgren.” Oil- 
water steady state flow tests were made both before and after 
treating the sample with Dri-film 9977 to render the surfaces 
preferentially oil wet. Three sets of flow tests were performed. 
1. Core surface as before Dri-film treatment and brine used 

as initial saturating fluid. 

2. After treatment to render surface preferentially oil wet 
and initially saturated with brine. 

3. Surface treated to be oil wet and initially saturated with 
oil. 

Results of these tests are shown graphically in Fig. 8. Test 
1 data indicate that the core was predominantly water wet. 
based on the qualitative features suggested previously. Typi- 
cal oil wet flow behavior is suggested by results of Test 3. 
These two tests were performed similarly, having the prefer- 
ential wetting liquid in contact with the pore walls before the 
introduction of the second phase. A more apparent compari- 
son of these data can be made in the correlation of Fig. 9. 
Log relative permeability ratio K,/K, and K,/K,, are related 
to saturation, S, and S,. The two sets each compared log 
K./K. versus S, show wide disagreement. But comparing 
them on a similar basis, namely. log relative permeability ratio 
of non-wetting phase to wetting phase versus the wetting phase 
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saturation, the peformance curves become alike. It is possible 
that the relationships so shown would be identical (saturation 
disagreement now 3 to 5 per cent pore space), if allowances 
were made for the unaccounted water absorbed by Lucite in 
Test 3 and the differences in chemically retained water (water 
of hydration of iron oxides) in the two tests. This test core 
was not equipped with electrical conductivity rings, so all 
saturations were obtained gravimetrically, which inherently 
limits accuracy of saturation determinations by approxi 
mately 2 per cent pore space. Therefore, it is reasonable to 
conclude that the fluids in Test 3 exchanged positions and 
flow behavior from conditions in Test 1. 

Test 2, as shown in Fig. 8, conformed closely to results of 
Test 1. The initial saturating phase in both cases was brine 
but the core in Test 2 was treated to be oil wet. Apparently, 
the affinity for oil was not too strong under conditions of 
Test 2 and in the short-duration laboratory test, the fluids 
were not able to arrange themselves in a microscopic dis 
tribution in equilibrium with the wettability characteristics of 
the system. 

Other tests using samples of the Third Bradford sand were 
run using brine as the initial saturating phase. Results wer¢ 
in agreement with those of Henderson and Yuster.” giving 
qualitative flow characteristics indicative of a preferentially 
oil-wet sand. Obviously, in short-duration laboratory flow tests 
on preferentially oil-wet sands when the cores are initially 
saturated with brine, the degree of oil wettability will deter 
mine whether or not the true equilibrium flow behavior will be 
measured. For practical purposes, only systems exhibiting 
intermediate oil preferential wettability will be troublesome 
if brine is used as the initial fluid to contact the pore walls 
A porous material in this range of wettability preference 
should possibly be initially saturated with oil in the labora 
tory or permitted sufficient time to reach wettability equilib 
rium to yield true flow behavior. 

No attempt is made herein to formulate a method to estab 
lish the existing wettability characteristics of a petroleum 
reservoir. It must be recognized that the possibility exists that 
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core samples of reservoirs received for testing in the labora- 


tory may be altered by various means from their original 


condition. 


Effects of Saturation History 


There are two saturation histories that occur naturally in 
the production of petroleum: displacement of a wetting phase 
by a non-wetting and vice versa, e.g., oil displacement by a gas 
or by brine. For reasons of simplicity, the discussion which 
follows will consider gas as always being a non-wetting phase 
and brine a wetting phase. Oil will be considered a wetting 
phase with respect to gas and a non-wetting phase relative to 
brine. It is generally assumed that these conditions exist in 
the majority of sandstone petroleum producing reservoirs. 
The two types of flow mechanisms are each associated with 
separate types of relative permeability characteristics. The 
differences can be attributed to the manner in which the fluids 
are distributed among the various pore sizes. The statistical 
saturation distribution, unique to each saturation history, is 
explained by visualizing the movement of fluids in porous 
materials. 

A naturally occurring porous material is composed of a 
multitude of pore units of various sizes and shapes combined 
in a random order. Consider the case of the pores completely 
filled with brine and a non-wetting fluid, gas, advancing into 
it. Each pore unit, composed of a body and several compara- 
tively small openings leading into it, will perform individually. 
Gas will enter those pore constructions with which it comes in 
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contact whose displacement pressure it exceeds. When an 
entrance constriction has been displaced, the pore body, by 
virtue of its larger radius, will also be displaced. Flow of gas 
through a pore unit will take place when two or more of its 
constricted portions are displaced by gas. Not all of the brine 
in the re-entrant angle portion of pores is displaced by the 
initial advance of gas into a pore. Gas can exist continuously 
through the length of a porous material as a high gas satura- 
tion in only 1 to 2 per cent of the pore units. Under these 
conditions of saturation, the gas flows as a continuous phase 
through a winding path which connects pore units containing 
at least two constrictions whose displacement pressure has 
been exceeded. The minimum saturation associated with inde- 
pendent flow of gas is termed the “critical gas saturation.” 
Any pore unit having only one constriction displaced will not 
contribute to the gas conductivity. 

Pore units may exist in the system which contain constric- 
tions of such radius that, by equilibrium capillary pressure 
considerations, they should be displaced, but are not. This is 
due to the complexity of the pore size distribution which pre- 
vents a direct path of travel of the displacing gas to all pore 
units. These two conditions exist over a major portion of the 
gas saturation range and are the factors which complicate any 
attempts to describe flow behavior analytically. Simply, it 
may he stated that not all pores in a system over the entire 
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saturation range perform according to the equilibrium capil- 
lary pressure saturation relationship attributed to the gross 
system, and that gas exists in some pore bodies connected to 
the continuous stream of gas by only one constriction and so 
do not add to the gas conductivity. The nature of the gas rela- 
tive permeability curve can be explained by the above discus- 
sion. As gas saturation increases, so does the rate of increase 
in its permeability, due to the addition of more conductive 
pore bodies, which contained gas at lower saturation, but did 
not contribute to gas flow. Using the same type of analysis, 
and recognizing that the pore bodies are relatively more con- 
ductive than their constrictions, brine flow behavior can be 
explained. 

The flow mechanism described represents the natural flow 
process of a gas drive. Gas displacement of oil, even in the 
presence of connate water will, in general, be the same as the 
described gas displacement of water. In heterogeneous porous 
systems, this flow process is characterized by a low “critical 
gas saturation” which has a detrimental effect on the efficiency 
of oil displacement. Field data indicate that values for this 
gas saturation are in the range of less than 1 to 5 per cent 
pore Laboratory values have been reported much 
higher than this, but it is thought that these were influenced 
by technique and should be the same order of magnitude as 
field data. 

Statistical saturation distribution of fluids in the system in 
a water flood mechanism is different from that described. Ini- 
tially the brine is located as a film over the pore walls, in 
the re-entrant angle portion of the pore unit constrictions, 
as well as completely filling some of the minute pores. Oil fills 
the remaining pore space. Each capillary opening, by virtue 
of its size and saturation, will tend to imbibe any available 
water and so displace any oil it contains. The oil saturation 
will be reduced by changes in the oil-water interface curvature 
As the curvature becomes less, 


space. 


in the continuous oil phase. 
some pore constrictions, due to their size, will become com- 
pletely filled with water. Once the curvature has been reduced 
to a value permitting all of the constrictions of a pore unit 
to be filled with water, the pore body oil will be isolated from 
the continuous oil phase and so trapped and unrecoverable 
by practical displacement forces. This accounts for the high 
“residual oil saturation” associated with water flooding. Oil 
remaining in the pore bodies will be in a thermodynamically 
unstable state and will tend to diffuse through the water and 
out of the system, but this mechanism is not of practical im- 
portance in oil recovery. Numerous laboratory tests on cores 
of various types of synthetic and naturally occurring porous 
materials have indicated that trapped oil saturations range 
from 15 to 50 per cent pore space. As in the gas drive mech- 
anism, the shape of the oil/water relative permeability rela- 
tionships can be explained by using the above concepts. 

The mechanisms of displacement described above, although 
referred to specific fluid systems, hold for any single wettabil- 
ity system. Thus displacement of gas by water and displace- 
ment of water by oil will have similar relative permeability 
characteristics to displacement of oil by water and displace- 
ment of water by gas, respectively. Experimental data have 
been published by Leverett® to show that water and oil flow 
behavior are not affected by a 1600 to 1 change in their vis- 
cosity ratio. This is the same order of magnitude of com- 
parative viscosity ratios of a water-gas and a water-oil system. 
Also, interfacial tension over a wide range has been shown 
not to affect flow behavior. Therefore, it is reasonable to expect 
that a system in which wettability does not change the non- 
wetting phase (oil or gas) and the wetting phase (brine or 
oil) will have flow characteristics independent of the nature 
of the fluids, and in any two immiscible fluids system, both 
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typical gas drive and water flood mechanisms are possillé 
Relative permeability is then not a single-valued function 
of saturation, but must be associated with a specific saturation 
history. 

Core samples of the naturally occurring Nellie Bly sand 
stone and a synthetic porous material of LA type alundum 
were used in the experimental investigation of saturation his 
tory effects. Each core assembly was equipped with electrical 
conductivity rings on all three sections. Two fluid systems, air 
brine and oil-brine, were investigated in each porous material 
A test entailed initially saturating the core assembly with 
brine, then injecting simultaneously air or oil with brine, with 
each succeeding equilibrium run having a lower brine satura 
tion. After attaining a low brine saturation, the fluids wer« 
injected, with successive runs having a higher brine saturation 
until brine alone was injected. 

Effects of saturation history on oil-brine relative permeabil 
ity characteristics of the Nellie Bly sample tested are shown 
in Fig. 10. The wide deviation of flow behavior under condi 
tions of the saturation history imposed is readily apparent 
One data point, at 18.5 per cent brine saturation, shows an 
oil relative permeability in excess of 100 per cent. This can b 
explained as all effective permeabilities were compared to the 
specific permeability to brine of the 143 md. This value is 
only half the specific permeability to air, which is greatly in 
excess of the expected variation due to gas slippage alone 
Therefore, it is reasonable to assume that this core sample 
contained substantial amounts of hydratable materials. It is 
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FIG. 11 — EFFECT OF SATURATION HISTORY ON OIL-FLOW BEHAVIOR 
NELLIE BLY SANDSTONE 


Vol. 192, 1951 


PETROLEUM TRANSACTIONS, AIME 


T.P. 3053 


thought that the arrangement of hydrated particles in pore 
spaces is different in the presence of oil and water than when 
in water alone, and causes this phenomenon. Many other cores 
containing hydratable materials tested in this laboratory have 
shown this same behavior. 

Additional tests on the Nellie Bly oil-brine system were 
made by establishing a partial oil saturation, then flooding 
the core with brine. The oil saturation before each successive 
brine flood was increased over the previous one. In several 
of these tests, an intermediate run was made by flowing both 
fluids. Fig. 11 is a plot of these data as oil/brine relative per- 
meability ratio on a log seale versus the brine saturation. The 
original flow characteristics obtained by an increasing oil satu- 
ration history are reproduced within 2.5 per cent in values of 
saturation. This is a tolerable agreement, considering that 
some of the previously hydrated materials could have been 
removed during flow, and the limits of experimental accuracy 
associated with this type of testing. The point of interest is 
that each maximum oil saturation results in a different flow 
behavior upon increasing the brine saturation. Further experi- 
ments have shown, once an oil saturation has been established 
and the flow behavior determined in an oil desaturation direc- 
tion, that this flow behavior is reversible and reproducible, pro- 
vided the previous maximum oil saturation is not exceeded. 


Similarly tests in the air-brine system were made and these 
results are compared with some of the data of the oil-brine 


tests in Fig. 12. Quantitatively, the flow characteristics of the 


two systems are not in agreement. But qualitatively, the ef- 
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FIG. 12 — COMPARISON OF OIL AND AIR FLOW BEHAVIOR IN TWO 
PHASE SYSTEMS, NELLIE BLY SANDSTONE 
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fects of saturation history are the same. Differences in the 
wettability characteristics of the two systems is thought to 
be a contributing factor to the lack of quantitative agreement. 

A saturation of practical significance is that at which the 
nonwetting (oil or gas) phase will not flow as an independent 
phase. In a gas drive mechanism, this is usually referred to as 
the “critical saturation.” In Fig. 13, the saturation profile of 
the core assembly under various flow conditions is shown. 
The two uppermost profiles are for the initial flow tests of the 
oil-brine and air-brine systems. Both show that the non-wetting 
phase flowed through the core at low saturations. Several 
core segments have saturations to oil or gas of iess than 1 
per cent. These profiles do not represent the minimum oil or 
gas saturations that could exist; they were the first measured. 
It is evident that the “critical saturation” to gas or oil is 
approximately 1 per cent. 

In a water drive flow mechanism, the displaced phase be- 
comes discontinuous and will not flow at a saturation referred 
to as the “residual.” Fig. 13 shows saturation profiles for 
both the oil-brine and the air-brine systems at these condi- 
tions. In each case, after an oil or air saturation has been 
established, the core was subjected to a water flood. The lower 
profile is for the oil-brine system, showing a residual oil sat- 
uration in the test section of 44 per cent pore space. The oil 
saturation of the entire core assembly is generally uniform. 
varying a maximum of only 3.5 per cent. Saturation profiles 
for gas-brine tests also shown in Fig. 13 do not show the same 
uniformity but show a residual gas saturation of up to 32 per 
cent of the pore space. Data for the lower gas profile were 
taken one-half hour after brine breakthrough. The existing 
gradient is attributed to three factors: 

1. An increasing gas saturation downstream was originally 
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FIG. 14— OIL-WATER FLOW CHARACTERISTICS, LA TYPE ALUNDUM, 
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established due to expansion effect of gas. (This factor has 

been previously explained.) 

2. Differential compression of the trapped gas by the flowing 
brine. 

3. Gas saturation removed by solution in the brine. (A large 
number of pore volumes of brine had been flowed through 
the system. ) 

The last factor is more evident in the remaining profile, 
which was taken three hours after the first. Portions of the 
upstream end of the core assembly show 100 per cent brine 
saturation and the rest of the core segments a differential 
increase in brine saturation. The last core segment, which is 
least susceptible to a reduction in gas saturation by solution 
and compression, shows very little change. By this analysis. 
it is concluded that a gas saturation of at least 32 per cent 
was trapped in these tests and so was unrecoverable by water 
displacement mechanism. 

Residual values for oil and gas are not the same in these 
tests for two reasons: 

1. Maximum oil saturation attained before water displace- 
ment was 81.3 per cent compared to 42 per cent for air. 
It was shown previously (Fig. 11) that the residual satura- 

function of the maximum attained non-wetting 
phase saturation. 

2. Questionable wettability characteristics of this core sample 
add to the probability that the oil and gas residual satura- 
tions would not be identical. 

Oil/brine relative permeability tests for the alundum core 
are shown in Fig. 14. As for the Nellie Bly. each saturation 
history results in a separate flow behavior. In the increasing 


tion is a 


oil saturation tests, oil permeability was measured at an oil 
saturation of 5 per cent. This is not the lowest oil saturation 
would flow, so the “critical oil saturation” is 
probably less than 1 per cent pore space. 
24 was 


at which oil 
lower than this 


\ residual oil saturation of per cent pore space 


measured. 


It is significant to note that even in this type porous mate- 
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rial, which has a narrow range of pore sizes compared to nat- 
ural sands, there is an appreciable residual oil saturation. 

Flow characteristics of air and brine are compared to those 
of oil and brine in Fig. 15 as non-wetting to wetting phase 
relative permeability ratio on a log scale versus brine satu 
ration. The close agreement of these is apparent. As did the 
oil, air indicated a “critical saturation” of approximately 1] 
per cent and a residual saturation of 24 per cent. The physi 
cal nature of the solid surfaces of this core make it prefer 
entially water wet in the presence of either oil or air with 
brine and so wettability is not a factor in its flow behavior of 
the two-fluid systems studied. 


Practical Significance of Saturation History 


The wide variation of flow behavior in a two-phase system 
makes it imperative that laboratory tests be conducted with a 
saturation history simulating that of the reservoir being repre 
sented. In addition, the ideas presented have important eco 
nomic implications in the production of oil and gas. 

The natural method of displacement of oil by gas is recog 
nized to be inefficient. It has been shown that a statistical 
saturation distribution of gas different from that which occurs 
under natural operations is possible and that this produces, 
by virtue of the higher gas saturation which does not flow as 
a free phase, a higher oil displacement efficiency. Thus it is 
a distinct possibility that gas drive reservoirs can be produced 
in a manner which will approach 15 to 50 per cent gas satu 
ration as a “critical saturation.” 

An immediately important implication of indicated high 
residual gas saturations following water displacement of gas 
is in the evaluation of recoveries to be expected from gas and 
gas condensate reservoirs under water drive, either natural 
or induced. Evaluating the gas recovery from this type of 
field using relative permeability characteristics representative 
of a progressively increasing gas saturation history could 
result in a very serious error. Residual gas saturations by 
tests simulating the reservoir saturation changes (decreasing 
gas saturation) are indicated in the range of 15 to 50 per 
cent, rather than the 1 to 11 per cent usually assumed. 

Confirmation of the validity of residual gas saturation as 
obtained from relative permeability tests has been made using 
a one-ft long core. Brine was injected upward into the core 
at calculated rates of one and 40 in. 
and in each case the “residual gas saturation” agreed within 
experimental accuracy with results on a small core plug rela 
tive permeability test conducted with the proper saturation 


rise of per day 


history. 


CONCLUSIONS 


1. Three-section, plastic-covered core plug assemblies, prop 
erly constructed, will perform during fluid flow as one con 
tinuous core. 

2. Pressure gradients can be selected which will confine 
the disturbing boundary effects to the end core section and 
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thus permit measurement of true relative permeability char- 
acteristics of the middle core segment. 

3. Gas-oil flow tests in cores containing a partial water sat- 
uration, representing connate water, must have the entire core 
assembly reduced to an “irreducible minimum” water satura- 
tion. This will prevent migration of water and enable satura- 
tions to be determined gravimetrically. 

4. The practice of initially saturating test cores with brine 
will result in two-phase flow behavior which will be in equi- 
librium with its existing wettability characteristics, except in 
cases of a limited degree of oil wettability. In this later in- 
stance, the procedure required for representative data has 
not been established. 

5. Relative permeability is not a single-valued function of 
saturation. The saturation history involved affects the statisti- 
cal saturation distribution of the fluids in the pore space. Lab- 
oratory tests to represent flow in a reservoir must have a simi- 
lar saturation history. 

6. Relative permeability characteristics of a system, in 
which wettability does not change, are not influenced by the 
physical properties of the fluids involved. That is, a gas- 
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FIG. 15 — COMPARISON OF OIL AND GAS FLOW BEHAVIOR IN ALUN- 
DUM CORE. 


109 





T.P. 3053 


EXPERIMENTAL INVESTIGATION OF FACTORS AFFECTING LABORATORY RELATIVE 


PERMEABILITY MEASUREMENTS 


water and oil-water flow system perform identically provided 
saturation histories are the same. 

7. The numerous relative permeability saturation relation 
ships possible in porous systems containing gas imply that oil 


displacement by gas can be made more efficient than the nat 


ural process. A method is not offered, only the possiblity 
suggested. 

8. A substantial amount of gas will remain in the pore space 
of a water invaded gas or gas condensate reservoir. It is esti 
mated that the range of the trapped gas saturation will be 
15 to 50 per cent pore space and not the “critical gas satura 
tion” usually taken as 1 to 11 per cent pore space. 
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CARRYING CAPACITY OF DRILLING MUDS 


C. E. WILLIAMS, JR., ASSOCIATE MEMBER AIME, AND G. H. BRUCE, HUMBLE OIL AND REFINING CO., 


HOUSTON, TEX. 


ABSTRACT 


The trend toward deeper drilling, together with the attend 
ant increase in power requirements for circulation of the drill 
ing fluid, has emphasized the need for a critical examination 
of the factors affecting the removal of bit cuttings from the 
hole by the drilling fluid. The ability of drilling fluids to lift 
cuttings is called their carrying capacity. 

A series of laboratory and field experiments has been con 
ducted to determine the minimum annular velocity necessary 
to remove cuttings, and to investigate the effects of properties 
of drilling fluids on their carrying capacities. 

Consideration of the results of these experiments led to the 
following conclusions: 

1. Turbulent flow in the well annulus is most desirable from 
the standpoint of cutting removal. 

2. Low viscosity and low gel are advantageous in removing 
cuttings. 

3. Increase in mud weight is effective in increasing carrying 
capacity. 

1. The carrying capacity is higher when the pipe is rotated 
than when it is not. 

5. If turbulent flow can be maintained, an annular velocity 
slightly higher than the slip velocity of the largest cuttings to 
be transported should keep the bore hole clean. This implies 
velocities of 100 to 125 ft per minute rather than the presently 
used 175 to 225 ft per minute. 


INTRODUCTION 

Power Savings by Reduction of Annular Velocities 

A large portion of the power expended in drilling opera 
tions is consumed in circulating the drilling fluid. An impor 
tant factor in establishing the rate of mud circulation is the 
minimum velocity in the annulus necessary to remove bit cut 
tings. Empirically, it has been found that average annular 
mud velocities of about 200 ft per minute will remove cuttings 
It was not definitely known, however, whether annular veloci 
ties of about 200 ft per minute were just above the minimum 
necessary to remove cuttings, or whether such velocities could 
be materially reduced without sacrifice of the ability of the 
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mud to remove cuttings. It is apparent that if annular veloci- 
ties could be reduced without impairment of cutting removal, 
a considerable saving in power requirements would result. 


Need for Research on Carrying Capacity 


he ability of a drilling fluid to transport cuttings is called 
its carrying capacity. Although it has been recognized that 
the carrying capacity of a mud is affected by mud properties 
such as viscosity and density’*’* there have been various views 
in the industry as to the effects of these mud properties on 
carrying capacity. 

The economic importance of the problem of carrying capac- 
ity and the scarcity of information on the subject indicated 
that research on the problem was needed. 


THE FACTORS AFFECTING CARRYING 
CAPACITY 


Qualitative Determination of Factors 


The mechanism of cutting transport is closely related to 
that involved in the separation of material by settling proc- 
esses. A considerable amount of research has been done on 
settling problems, and discussions of sedimentation theory can 
be found in standard texts.°* Consideration of the information 
available from these sources, together with consideration of 
the mechanism of cutting transport, leads to the conclusion 
that the factors affecting carrying capacity are the dimensions 
of the system, the physical properties of the cuttings, and the 
physical properties of the drilling fluid. 


System Dimensions and Their Effect 


The dimensions of the fluid circulating system of importance 
to carrying capacity are the bore hole size, drill pipe size, 
pump capacity, and pump speed. These dimensions determine 
the annular velocity of the drilling fluid. 


Physical Properties and Their Effects 

The physical properties involved in the interaction between 
mud and cuttings are the density and shape of the cuttings 
and the density, viscosity and gel strength of the drilling fluid. 
The effect of the density factor on carrying capacity is fairly 
obvious; high density difference between cuttings and fluid 
results in a low buoyant force and therefore decreases carrying 
capacity. The effect of cutting shape is less obvious. Although 
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the velocity of fall through quiescent Newtonian fluids for 
particles of regular shapes may be calculated from well-known 
equations,’ little information is available in regard to irregu- 
lar shapes falling in moving fluids of non-Newtonian character 
such as drilling fluids. 

The non-Newtonian characteristics’ ° of most drilling fluids 
severely restrict the prediction of the effect of viscosity, as it 
is ordinarily measured, upon the carrying capacity of the 
fluid. If the reasoning of hydrodynamics were applicable, it 
would be expected that higher viscosities would result in lower 
fall velocities and therefore in higher carrying capacity. 

The effect of gel strength on carrying capacity has received 
little attention in the literature. 


Experimental Determination of Factors 


In the conduct of experiments designed to yield information 
on carrying capacity, an attempt was made to determine the 
minimum annular velocity sufficient to remove cuttings, to 
obtain correlation between measurable mud properties and 
carrying capacity, and to test the validity of various equations 
applying to the slippage of solid particles in fluids. The ex- 
periments were carried out in two distinct phases; a field 
phase and a laboratory phase. 


FIELD PHASE OF EXPERIMENTS 


Equipment and Materials 


The field phase of the experiments was carried out in a 
500-ft experimental well at Pierce Junction, Tex. The well 
was cased to bottom with 7-in. casing and was plugged at the 
bottom. The initial layout did not include provisions for rotat- 
ing the drill pipe, nor was an effort made to center the pipe 
in the casing. Initially 2'-in. line pipe was used to simulate 
the drill pipe. Centering guides were later installed on the 
line pipe to prevent channeling of the mud. Subsequently, the 
line pipe was removed and a 27-in. drill pipe was suspended 
from a rotary table, thus permitting pipe rotation. 

Provisions were made for inserting simulated cuttings into 
the drill pipe and for recovering the cuttings at the surface. 
Particles used to simulate cuttings were glass spheres, ceramic 
chips and aluminum discs. Glass spheres and ceramic chips 


Diameter Thickness 
in 


Type of Particle Materia! 

1.00 
0.73 
0.70 
0.57 
0.24 
0.20 
0.750 
0.750 
0.625 
0.625 
0.625 
0.500 


Glass 
Glass 
Glass 
Glass 
Glass 
Glass 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Broken Pottery 


Sphere 
Sphere 
Sphere 
Sphere 
Sphere 
Sphere 
Disc*’ 
Dise** 
Disc 
Disc 
Disc 
Dise** 
Ceramic Chips 


0.250 
0.125 
0.125 
0.063 
0.031 
0.125 


*These three sizes of discs were used to obtain most of the data 
‘Large dise or large particle. 

*Medium dise or medium particle. 

*Small dise or small particle. 
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were unsatisfactory because of their frangibility, so that most 
of the work was done using three sizes of aluminum discs 
which were hammered slightly to give them a shape similar 
to that of actual cuttings. These three sizes of discs will be 
referred to as small, medium, and large particles. The type 
of particles used and their characteristics are given in Table I. 

Twenty-three fluids were tested as transport media. The 
fluid densities ranged from 8.33 lbs per gal (water) to 14.8 
lbs per gal; viscosities ranged from 1 to 200 centipoise; and 
initial gels ranged from 0 to 90 grams Stormer. The properties 
of a number of the fluids are listed in Table II. 


Procedure 


The general procedure followed at Pierce Junction was to 
insert a given number of simulated cuttings into the drill pipe 
and to pump them slowly to the bottom. When the cuttings 
reached bottom, the desired circulation rate was established, 


Table I—Properties of Particles Used as Simulated Cuttings ( Field Experiments) 


Thickness 
Diameter 


Density 


Ib/eu ft 
159 
159 
159 
159 
159 
159 
168 0.333 
168 0.167 
168 0.200 
168 0.100 
168 0.050 
168 0.250 

150-160 


Remarks 


All dises hammered to 
roughen their surfaces 
and to them a 
shape 


give 
similar to bit 
cuttings. 


Various shapes and 


thickness; ground to 
bits by drill pipe. 
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Table 11 — Properties of Muds Used in Field Experiments 


Viscosity 

Marsh 

Funnel 
Sec 


Initial Gel 


Stormer Strength 


eps at 600 rpm 
23 3 
56 35 
65 ty 
97 
88 
144 
> 200 
(570 gms) 
34 
83 
138 
1 


Mud 
Mud No. I 


gms - Stormer Ib/gal 
10.4 
10.4 
10.4 


23 
10 


8.33 
12.4 


12.4 to 11.6 
94 


and the number of cuttings recovered and their time of return 
were recorded. Each different fluid was subjected to the same 
procedure. When runs were made with the drill pipe rotating. 
a fixed rotary speed of 110 rpm was established along with 
a fixed circulation velocity. The circulation velocity reported 
is the average across the annular cross section, obtained by 
dividing the volumetric displacement of the pump by the 
cross sectional area of the annulus. 


RESULTS 
Treatment of Data 


The data obtained at Pierce Junction were plotted as pa: 
ticle recovery versus circulation time. The particle recovery 
was expressed as the percentage of particles recovered at the 
surface, based on the number added. The slopes of the recoy 
ery-time curves are an indication of the fluid’s ability to lift 
cuttings; steep slopes, i.e., high percentage/time ratios, indi 
cate high lifting ability, whereas gradual slopes indicate low 
lifting ability. 


Effects of Drill Pipe Rotation 


In the initial tests at Pierce Junction, before provisions were 
made for centering or rotating the pipe, very low percentages 
of small spheres and flat particles were returned to the sur- 
face. Because particles which were lost in the hole could be 
removed by circulating water or by thinning the circulating 
fluid, this effect was attributed to channeling of the fluid and 
subsequent trapping of the particles in the stagnant, gelled 
sections. When the drill pipe was centered by use of centering 
guides and the tests were repeated, the recovery of particles 
was increased. When the drill pipe was rotated, a further 
increase was obtained. 

Although drill pipe rotation is normal in a drilling well 
its importance to the removal of cuttings must be emphasized 
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Remarks 


Same as mud No. 8. Aged for 1 day. 
Phosphate treated. 

Phosphate treated. 

Very thick. Phosphate treated 


Phosphate treated. 

Phosphate treated. 

Phosphate treated. 

Field mud from Bassett-Blakely C-3, Danbury Field, Jan. 3, 
1949. 

El Paso clay added to mud No. 17. 15 lb clay per bbl of 
mud No. 17. 

Mud No. 18 after caustic-quebracho treatment with 50-50 
caustic-quebracho solution. 

Water. 

Field mud from Liverpool Gas Unit No. 1, Danbury Field, 
Jan. 21, 1949, 

Mud No. 22 diluted with water, then weighted with Baroid. 
Molasses. 


rhe curve of percentage recovery versus circulation time given 
in Fig. 1 is an excellent illustration of the effect of drill pipe 
rotation. During periods of no rotation, almost no particles 
appeared at the surface. During rotation, the particles were 
rapidly from the hole. This effect was most pro- 
nounced in muds of high viscosity and high gel strength. 
Variation of the rotating speed from about 35 to 150 rpm pro- 
duced no appreciable change in particle recovery. Curves 
shown in Figs. 2, 3 and 4 were obtained with the drill pipe 
rotating at 110 rpm. Apparently the normal rotating speeds 
of drilling wells are sufficient to take advantage of this effect. 


removed 


Effect of Density 


Increasing the density of a fluid while maintaining its other 
properties as constant as possible resulted in an increase in 
its carrying capacity. This is illustrated in Fig. 2. 


Effects of Viscosity and Gel 


In carrying out the experiments at Pierce Junction, numer- 
ous attempts were made to correlate gel strength and viscosity 
with the carrying capacity of the mud. These endeavors failed 
to reveal any definite correlation between viscosities and gel 
as measured by the Stormer or Marsh funnel vis- 
cosimeters and the ability of the fluid to lift cuttings from the 
hole. However, some general relations were observed. 

Before the effects of viscosity and gel are discussed, it should 
be emphasized that viscosity and gel strength as determined 
by the instruments used to test drilling fluids are not easily 
separated. A high gel-strength mud will, in general, be quite 
viscous, but the reverse is not necessarily true. A high vis- 
cosity mud will have high gel strength if its viscosity is due 
to highly dispersed clays, but it will have little or no gel 
strength if the viscosity is caused by a high content of rela- 
tively inert solids. For these reasons, the muds here discussed 
will generally be referred to as high-viscosity, high-gel muds 
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FIG. 2 — EFFECT OF MUD DENSITY ON PARTICLE RETURN 


and low-viscosity, low-gel muds. For the purposes of this dis 
cussion, high gel is considered to be anything over six grams 
initial gel strength on the Stormer viscosimeter, and high vis 
600 rpm 


These values, however, cannot be considered as representing 


cosity as anything over 15 centipoise at Stormer 
any exact physical properties of the fluids. 

Generally, it was found that low-viscosity, low-gel fluids were 
superior to high-viscosity, high-gel fluids in removing cuttings 
This point is well illustrated by the data presented in Figs 
3 and 4. The curves show that not only did the low-viscosity. 
low-gel fluids bring the cuttings to the surface more rapidly 
than did the fluids. but they 
brought up larger percentages of the particles at lower rates 
of circulation. An exception to this may be noted in Fig. 3 


high-viscosity, high-gel ilso 
g 


where the high-viscosity, high-gel mud returned a larger per- 
centage of the large particles. this mud did not 
effectively remove the smaller particles. The higher carrying 


However. 


capacity of the low-viscosity, low-gel muds is particularly 
noticeable for the medium particles. which closely resemble 
bit cuttings in their behavior 
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The low-viscosity, low-gel fluids closely resemble Newtonian 
fluids in their behavior, and the behavior of solid particles 
in them can be calculated with some degree of accuracy using 
ordinary slip velocity equations.’ The rate at which a cutting 
is removed from the hole is, of course, the difference between 
the annular velocity of the fluid and the slip velocity of the 
particle. 

rhe slip velocity equations cannot be used 
pectation of good results if the fluid is highly viscous and 
has high gel strength. This fact is illustrated in the bottom 


with any ex- 


Ihe large particles appeared at the surface 
velocity calculations indicate that they 
as they did when a low-viscosity, no-gel 


grid of Fig. 3 
first, slip 
should appear last 
fluid such as water was used. This so-called reverse order effect 


whereas 


could not be explained on the basis of data obtained at 
Pierce Junction. 

Another phenomenon of interest which was difficult to ex- 
plain on the basis of slip velocity equations was encountered 
when high-viscosity, high-gel muds were circulated in the hole. 
rhe first particles returned to the surface at velocities higher 
than the average velocity of the mud. This effect was assumed 
to be due to the distribution of point velocities existing in the 
annulus,” an assumption which was later vertified in the lab- 
oratory phase of the experiments. 


Possibility of Reducing Annular Velocity 


} and 4 show that mud velocities much lower than 


Figs. 2, 
200 ft per minute were sufficient to remove cuttings from the 
bore hole at Pierce Junction. When water was circulated at 
124 ft per minute, the slowest particles came up with a net 
velocity of about 10 ft per minute. 

[hese data that it may be possible to effect an 
appreciable reduction in the annular velocities now used in 


the field 


indicate 


ind still maintain efficient cutting removal. 


LABORATORY PHASE OF EXPERIMENTS 


certain effects obtained at Pierce Junction could not 
be explained on the basis of theoretical considerations, an 
of the fundamental forces acting on 
was initiated. Such information as 
transport, 


Since 
investigation of some 
the particles in transport 
the effects of distribution on 
whether particles were transported in a preferred portion of 
the annulus, the particle attitude during transport, the effect 


velocity particle 


of drill pipe rotation on particle transport, the velocity dis- 
tribution in non-Newtonian fluids, and numerous other facts 


were needed to complete the project. 


Equipment and Materials 


above, a_ laboratory 


\ photograph of 


lo obtain the information outlined 
well annulus was constructed. 
As indicated in the photo- 
graph, the annulus consisted of a transparent outer column 
pipe 
had an diameter of 4 in. 
pletely through the column and had an outside diameter of 


model of a 
this equipment is shown in Fig. 5. 
and center The transparent column was 5 ft long and 
inside The center pipe ran com- 
1 in. 

The equipment was designed so that drill pipe rotation 
could be simulated, so that viscosity velocity distributions and 
type of flow could be observed, and so that visual observation 
of particles in transport could be made. 


Vol. 192, 1951 





C. E. WILLIAMS, JR. 


Fluids used in this apparatus included water, glycerine and 
an ultrabentonite suspension. The ultrabentonite suspension 
was a translucent fluid possessing thixotropy and gel strength 
similar to those characteristics shown by most drilling fluids 

Particles used to simulate cuttings in the laboratory appara- 
tus included glass spheres, aluminum spheres, aluminum discs, 
and some actual rock bit cuttings. The properties of the par- 
ticles are given in Table III. The aluminum discs included the 
same three sizes as those used in the Pierce Junction phase 
of the experiments. These discs were not hammered, since 
tests showed no essential difference between the performance 
of these discs and the particles used at Pierce Junction 


Procedure 


The general procedure followed was to establish a flow rate 
sufficient to lift the particle to be studied, insert the particle 
into the column and make visual or photographic observation 
of the particle as it was transported up the annulus. Fluid 
velocity distributions were obtained by injecting dye through 
ten radially spaced needles in the base of the column and 
measuring the traverse time of the dye over a specified dis- 
tance through the column. Motion picture records were made 
of the performance and attitude of the various particles in 
transport in the annulus. 


RESULTS 


Validity of Slip Velocity Equations as Applied 
to Particle Transport in an Annulus 


Initial investigation of slip velocity data on glass spheres, 
aluminum spheres, and aluminum discs indicated that consid- 
erable deviation existed between slip velocities as measured 
in quiescent fluids and those measured by suspending a given 
particle in the annulus and adjusting flow velocities. It was 
found that when the fluid in the column was flowing in turbu 
lent flow an empirical equation could be used to predict the 
slip velocity of a particle being transported. This equation 
(applicabie only to turbulent flow) makes corrections for the 
finite dimensions of the annulus and thus actually corrects 
for velocity distributions in turbulent flow. It is as follows 

V.= <i 
1+d/D 
where: 
lip velocity 
= liameter of particle 
= equivalent diameter of annulus (four times ly 
‘raulic radius) 
, £d (py — Pr) 
= 1357 


for flatwise fall of a dis« 
qd ‘ Pi 


gd (p, — pr) : 
for edgewise fall of a dis« 


=< Sa) 
for spheres 


= ravitational constant 


= 'ensity of fluid 
lensity of particle 


A comparison of the velocities calculated from this equation 


with those observed in the column is shown in Table III 
An attempt to obtain the same type of correction for par 


ticles transported in a fluid in viscous flow (glycerine) did not 
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yield satisfactory results for flat particles, primarily because 
the viscous velocity distribution exerted a turning torque on 
such particles. The torque effect exerted by the fluid caused 
them to be turned on edge as they approached the walls, so 
that their slip velocities continuously changed until they 


reached the walls. 
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Velocity Distributions in Viscous and Turbulent 
Flow and Their Effects on Carrying Capacity 


It has long been known that two distinct types of flow are 
encountered in the movement of fluids. Because of the nature 
of the flows, they have been classified as viscous” and turbu- 
lent’ respectively. In turbulent flow the fluid elements move 
in countless eddies, swirls and so-called “turbs.” In viscous 
flow, the fluid elements follow the streamlines. 

The distribution of point velocities across the annulus in the 
two types of flow is distinctly different. This difference is 
illustrated in Fig. 6. The point velocities in turbulent flow 
represent a statistical vector average of all the velocities of 
the fluid elements. The fluid element velocity vectors are in 
one direction only when the fluid is in viscous flow; therefore 
the point velocities are the unidirectional velocities of the 
elements making up the streamline at that point. 

The behavior of particles (aluminum discs) in the 
types of flow is not the same. Under conditions of turbulent 
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flow, when water was used as the transporting fluid, the dises 
were transported in the order small, medium, large, without 
any tendency to be turned on edge or forced against the walls. 
While rising, all of the dises exhibited a rocking or oscillatory 
motion characteristic of a leaf falling in air. Fig. 7 represents 
the dises rising in a turbulent distribution with the center pipe 
stationary 

Under conditions of viscous flow, when glycerine was used 
as the transporting fluid, the behavior of the discs depended 
on their dimensions. The large dise moved up the annulus 
with no apparent tendency to be either turned on edge or 
moved to either wall. The medium disc was turned on edge 
against either the center pipe or the outer wall, where it fell 
for a considerable distance on edge before rising again. The 
small disc was turned on edge against either the outer wall or 
the center pipe, where it fell on edge only a very short dis- 
tance, then rose again. In some instances the medium and 
small discs were plastered against the walls and could not 
be removed without increasing the fluid velocity considerably. 
Figs. 8, 9 and 10 illustrate the behavior of the three discs 
transported by glycerine in viscous flow with the center pipe 
stationary. 

Particles are transported most efficiently and carrying capac- 
ity is the highest when the largest area of the particle is 
perpendicular to the direction of transport. This is the normal 
position of fall. A dise falling in viscous slip falls about 1.5 
times faster on edge than it does in the normal position: in 
turbulent slip the factor is 13. It is to be noted that it is 
possible for a particle to fall in turbulent slip while the fluid 
is in viscous flow. For these reasons it is advantageous to keep 
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the particles away from the walls and flat in the stream. This 
can be done by maintaining turbulent flow conditions in the 
annulus. 


The Torque Effect and Its Relation to 
Carrying Capacity 


The so-called torque effect has been mentioned previously 
as the cause of the discs turning on edge when transported 
by fluids in viscous flow. Consideration of some fundamental 
hydraulic concepts provides a good explanation of the cause 
of the turning torque exerted on the particle by the fluid. 

Streamline or viscous flow may be considered to be the 
movement of the fluid in a group of concentric cylinders of 
infinitesimal thickness; the cylinders in turn are made 
individual streamlines. These streamlines may be thought of 
as individual fluid jets. The force exerted on a plate perpen 
dicular to a jet of fluid is given by F « WV/g, in which F 
the force on the plate, W the weight of fluid striking the plate 
in unit time, V the velocity of the fluid, and g the gravitational 
constant. An increase in velocity increases the force. 

Reference to the viscous velocity distribution shown in Fig. 
11 shows that the velocity increases from zero at the walls to 
a maximum near the center of the stream. Since the 
exerted by the fluid on the particle is directly proportional to 
the velocity of the fluid, the force also increases from zero at 
the walls to a maximum near the center. As previously men 
tioned, the natural attitude for flat particles falling in stati: 
bodies of fluid is horizontal, i.e., their largest dimension is 
perpendicular to the direction of fall. This same attitude 
would be adopted in a rising fluid if it were not for the veloc 
distribution introduced by the finite dimensions of the 
\ particle in the natural flat position is projected 
across regions of different velocities. As shown in Fig. 11, / 
is greater than F, because V, is greater than V,. A torque 
about the center of gravity of the particle is produced by the 
action of these unequal forces. This torque tends to turn the 
particle toward the outside of the stream. 

As the particle becomes inclined, force component Fy be 
The combination of torque and force compo 
particle against the wall on edge. After 


up ot 


force 


ity 
system. 


comes effective. 
nents pushes the 


Table III 


Diameter 
In 
0.940 
0.753 
0.687 
0.187 
0.312 
0.281 
0.187 
0.625 
0.875 
0.156 
0.173 
0.630 
0.750 
0.750 
0.500 


Density 
Ib/eu ft 


162.6 
173.7 
150.4 
553.0 
532.0 
473.0 
170.5 
167.8 
176.0 
485.0 
154.0 
167.0 
168.0 
168.0 
168.0 


Particle 


Type Material 


Sphere Glass 
Sphere 
Sphere 
Sphere 


Aluminum 
Glass 
Ni-Steel 
Brass 
Steel 

Aluminum 

Aluminum 

Aluminum 
Steel 
Glass 

Aluminum 

Aluminum 

(Aluminum 

Aluminum 


Sphere 
Sphere 
Sphere 
Dise 
Sphere 
Sphere 
Sphere 
Dise 
Dise* 
Disc* 
Dise* 

*These three discs used to obtain most of the results reported herei 
particle diameter. 


D equiva'ent diameter of annulus. 
Ve calculated slip velocity from conventional equation for turbu! 
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Properties and Slip Velocities of Particles Used 
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FIG. 6 — COMPARISON OF VISCOUS AND TURBULENT VELOCITY DIS- 
TRIBUTIONS (CENTER PIPE STATIONARY). 


2.0 


reaching a position on edge against the wall, the particle 
begins to slide down the wall. If the velocity gradient at the 
wall is sufficiently large, the particle will be dislodged and 
returned to the stream, where the cycle will be repeated. An 
illustration of this cycle is given in Fig. 9. If the particle is 
thin and the forces holding it against the wall are sufficiently 
the particle will continue to slide down the wall on 
edge, or it will stick against the wall. 

Examination of the turbulent velocity distribution in Fig. 6 
shows that the torque effect will be much smaller in turbulent 
flow than in a viscous distribution. Over a large part of the 


large, 


Laboratory Experiments 


ft/min 
148.5 
160.5 
139.0 
179.0 
225.0 
201.0 
90.3 
47.6 
170.0 
164.0 
78.0 
10.5 
71.0 
15.0 
13.0 


V 
ft/min 
210 
198.5 
168.5 
208.0 
262.0 
233.0 
97.7 
61.2 
216.3 
176.0 
86.4 
14.9 
86.5 
61.5 
61.0 


d/D 
0.313 
0.251 
0.229 
0.0624 
0.104 
0.0937 
0.0624 
0.209 
0.292 
0.052 
0.0577 
0.210 
0.250 
0.250 


0.167 


in 


0.126 


0.067 
0.250 
0.125 
0.125 


ent slip 


observed slip velocity in laboratory model under turbulent flow and turbulent slip conditions 
Vv 


slip velocity calculated by equation correcting for veloc 


1 d/D 
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annulus, the differences in velocity in turbulent flow are rela 
tively small. This causes a corresponding decrease in the 
inequality of the forces causing the torque. Furthermore, the 
eddies and swirls existing in the stream tend to keep the 
particles from sticking to the walls. 

Since the torque effect decreases carrying capacity, its mini 
mization is desirable. This can be effected by 
turbulent flow in the annulus. 


maintaining 


Particle Thickness to Diameter Ratio and 
Its Effect on Carrying Capacity 


The fact that the behavior of dises transported by a fluid 
in viscous flow depended on the dimensions of the discs 
prompted an investigation of the effect of the dimensions on 
their behavior. It was found that the behavior of the discs 
could be predicted fairly well if their thickness to diameter 
ratios were known. 

An investigation was made of aluminum discs *4 in. 
ly in. in diameter and of various thicknesses to determine the 
critical value of thickness to diameter ratio below which the 
torque effect in a viscous distribution would turn the dises 
on edge. It was found that discs usually turned on edge if 
their thickness to diameter ratio was less than 0.3. It was 
also found for the range of sizes investigated that discs with 
thickness to diameter ratios greater than about 0.8 remained 
continuously on edge while being transported. This latter point 
is understandable if it be recalled that when a plane is passed 
through the center of a disc parallel to the dise axis and th 
thickness to diameter ratio is greater than 0.78, the area of 
the plane intercepted by the dise is greater than the area 
of one circular face. As previously mentioned, particles fall 
so that the greatest area is normal to the direction of fall 
The results of the investigation indicated that dises with 
thickness to diameter ratios ranging from 0.3 to about 0.8 
usually are transported in a horizontal attitude. 

Particles with thickness to diameter ratios less than 0.3 
are difficult to remove from the hole. When such particles are 
encountered, the carrying capacity of the drilling fluid with 
respect to them decreases unless the fluid is maintained ir 
turbulent flow. 


and 


The Effect of Center Pipe Rotation on 
Carrying Capacity 


Center pipe rotation increased carrying capacity in viscous 
flow by preventing the small and medium particles from slip 
ping down the wall of the center pipe. The centrifugal forces 
set up by rotation threw the discs into regions of high velocity 
existing in the center portion of the annulus where they were 
readily transported. Fig. 12 illustrates the effect of center 
pipe rotation upon transport of the medium particle. The 
effect of rotation was not nearly so pronounced for fluids in 
turbulent flow as it was for those in viscous flow. 


Transport of Rock Bit Cuttings 


Observations of reck bit cuttings transported by fluids in 
both viscous and turbulent flow showed that the same prin 
ciples that applied to the discs also applied to the cutting: 
Most cuttings were easily turned on edge and forced to the 
walls when the flow of fluid was viscous. The cuttings were 
readily transported when the flow of the fluid was turbulent 

Although no attempt was made to determine exact values 
of thickness to diameter ratios for the cuttings, estimates of 
this ratio indicated that very few of the cuttings had ratios of 
the thickness to diameter greater than the critical value of 
0.3. This is thought to be typical of most rock bit cuttings 
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CORRELATION BETWEEN FIELD AND 
LABORATORY RESULTS 


In the light of the information obtained in the laboratory, 
the results obtained at Pierce Junction can be more easily 
understood. 


Transport of Medium Discs and Reverse 
Order Effects 


Che difficulty encountered at Pierce Junction in removing 
the medium particles from the hole was caused by their low 
thickness to diameter ratio (0.167), which allowed them to 
be turned on edge by the torque effect. Once on edge they 
slid down the hole so that they had to be transported over the 
same distance for a number of times. That this effect was 
most noticeable in highly viscous muds was to be expected in 
view of the more effective turning moment exerted by such 
muds. This also accounts for the so-called reverse order effect. 
Since the medium particles had to be transported over a 
greater distance than either the large or small particles, it 
was to be expected that they would reach the surface at a later 
time. The thickness to diameter ratio of the small particles was 
0.250; of the large particle 0.333. Because of the magnitude of 
these ratios, the turning moment exerted on these particles 
the viscous muds was smaller than that exerted on the 
medium particles. Because of this, the large particles were 
often more easily removed from the hole than were the medium 
particles 


by 
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Effectiveness of Drill Pipe Rotation 


The effectiveness of drill pipe rotation in increasing carry- 
ing capacity is caused in part by the fact that it aids in creat- 
ing turbulence, and in part by the fact that it helps prevent 
the existence of stagnant, gelled pockets between the drill 
pipe and the wall of the bore hole. The centrifugal forces set 
up by the pipe also help to increase carrying capacity because 
they tend to project the particles away from the pipe into 
regions of higher velocity, where they are more easily trans- 
ported. 


CONCLUSIONS 

The conclusions reached from consideration of the informa- 
tion obtained in the laboratory and at Pierce Junction may be 
summarized as follows: 

1. Turbulent flow in the well annulus is most desirable from 
the standpoint of removing cuttings. 

2. Low viscosity and low gel strength are advantageous in 
removing cuttings. 

3. Increase in mud weight is effective in increasing carrying 
capacity. 

4. Rotation of the drill pipe increases carrying capacity. 

5. If turbulent flow can be maintained, an annular velocity 
slightly greater than the slip velocity of the largest cuttings 
to be transported should keep the bore hole clean. This im 
plies velocities of 100 to 125 ft per minute rather than the 
presently used 175 to 225 ft per minute. 
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THE SHULER JONES SAND POOL; NINE YEARS OF 
UNITIZED PRESSURE-MAINTENANCE OPERATIONS 


JACK TARNER, W. R. EVANS AND H. H. KAVELER, MEMBERS AIME, PHILLIPS PETROLEUM CO., 


BARTLESVILLE, OKLA. 


ABSTRACT 


The geological features, development history and engineer 
ing detail of the Shuler Field and the results of approximately 
two years of unitized operation of the Shuler Jones Sand Poo! 
were discussed in a prior publication.’ The purpose of this 
paper is to present the results of pressure maintenance in 
the Shuler Jones Sand Pool after nine years of unit operation. 


GENERAL INFORMATION 


The Shuler Jones Sand Pool is located in and about Section 
18, Township 18 South, Range 17 West, Union County, Ark. 
The pool was discovered in September, 1937, unitized in Feb 
ruary, 1941, and subjected to gas injection operations in July 
1941. Water was first returned to the reservoir in July, 1944 

The reservoir is an anticlinal trap covering about 4,000 
acres. The 154,000 acre-ft of sandstone initially consisted of 
approximately 150,000 acre-ft of productive oil zone and 4,000 
acre-ft of gas-cap. The average depth of production is 7,400 
ft. Maximum closure of the reservoir is 135 ft and the oil 
column lies between a gas-oil contact at —7,270 ft and a water 
oil contact at —7,370 to —7,380 ft. The field is approximately 
four miles long, east and west, and one and one-half miles 
wide. 

The sand grains are angular and vary from fine to medium 
size. The porosity of the sandstone averages 20.2 per cent 
The specific permeability averages 400 md. Some zones have 
as high as 30 per cent porosity and specific permeability of 
4,000 md. The reservoir rock is not uniform in character but 


consists of sandstone zones interspersed with shale. The varia- _ee oii 
tion in rock characteristics is evident in the electric log and 
core analyses presented in the original publication. Asphalt a ane 
present in the pore space of the sandstone limited the reservoir | ELL STATUS 
to the southeast and apparently blocked any encroachment of =F é 
water from that direction. fn Ye ee see 
The initial reservoir pressure at a subsea depth of 7,300 ft pA ll 
was 3,520 psi. The reservoir temperature was 198°F. Initially > oe ee ee 2 8 
the solution gas volume was 765 cu ft per bbl and the reser | ac . ie he 
voir volume factor was 1.45. The gas solubility and formation d ( 
volume-factors of the reservoir liquid are related with rese1 : F Oo ea . 
voir pressures above 300 psi as follows: ie 
Solution gas, cu ft per cu ft. + ee |». 
S = 0.0334 P + 18.65 - ! s"¢ 
Formation volume factor of reservoir oil, ra }—anca Be | | 
FVF = 8.0x 10° P + 1.168 i a i 
! 
‘References given at end of paper. 
Manuscript received in the office of the Petroleum Branch, Sept. | 
a eee at the Branch Fall Meeting in New Orleans, La FIG. 1 WELL STATUS, SHULER FIELD, JONES SAND. 
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Gas volume factor, standard cu ft of gas equivalent to 
one cu ft of gas at reservoir conditions of temperature 
and pressure, 

F= 062 P-4 
Pressure (P) measured in psia. 

The equation for the gas volume factor presented above is 
based on a direct measurement of a sample of the gas and is 
a correction of that used in the original paper. 

The gravity of the oil produced is from 32 to 34° API. 


CALCULATION OF INITIAL OIL IN PLACE 


The Jones Sand production history is interesting because it 
lends itself to analysis by material balance. Production statis- 
tics from discovery of the Jones Sand through 1949 and mate- 
rial balance calculations of the initial stock tank oil in place 
are shown in Table I. 

The usual procedure in testing the application of material 
balance calculations is to compute the apparent initial volume 
of oil in place, using production and pressure information 
obtained at different time periods. If the apparent oil in place 
volumes computed increase with successive time periods, water 
encroachment is indicated and approximations must be made 
to correct for its influence. The first requirement in utilizing 
such calculations is reliable reservoir pressure, accumulated 
gas, oil and water production, and PVT data. Calculations of 
apparent oil in place in the Jones Pool, based on field data 
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FIG. 2—DAILY VOLUMES OF GAS AND WATER INJECTED, SHULER UNIT 


prior to unitization, gave values of from 100 to 109 million 
bbl. The results were well within the uncertainty of produc- 
tion records and no water-drive was indicated. Calculations of 
apparent oil in place after unitization gave steadily increasing 
values because of the greater accuracy of factual data and 
water influx was indicated. The calculated values of oil in 
place became consistent if the term in the material balance 
equation correcting for water encroachment was based on the 
premise that the water influx at any time was proportional to 
the reservoir pressure decline from initial. The water encroach- 
ment factor was found to be 80 bbl of water per month per 
lb of reservoir pressure decline from initial. By July, 1950, 
the indicated rate of water encroachment was 5,500 B/D. 
The encroachment factor, when applied to the apparent oil 
in place calculations, resulted in a determination of 100 mil- 
lion bbl of initial stock-tank oil in place. 

The increase above the 100 million bbl, calculated from 
the production data during the latter part of 1948 and the 
first part of 1949, is caused probably by the determined aver- 
age pressure being higher than true reservoir pressure. In the 
latter part of 1948 the pressures in the East part of the pool. 
the area with the major water injection, increased rapidly and 
caused a less accurate determination of true reservoir pressure 
than is possible when a more or less uniform pressure occurs 
throughout the entire reservoir 


GAS INJECTION 


\ casinghead-gas gasoline plant and compressor station was 
completed and gas was returned to the gas cap of the reservoir 
in July, 1941, five months after unitization of the Jones Reser- 
voir. Five wells are used for injection purposes at the present 
time (Fig. 1). Gas injection volumes have varied from 25 to 35 
million ft per day (Fig. 2). The well-head injection pressures 
are approximately 150 lb below the reservoir pressure. Early 
experience dictated the necessity of scrubbing all injection 
gas at the discharge of the compressors and eliminating all 
air from the gathering system, if low injection pressures were 
to be maintained. Scale deposit on the sand face of the inje« 
tion wells is removed by acid treatment. 

Part of the time during the past nine years gas injection 
volumes have exceeded produced volumes because “make-up” 
gas from the Cotton Valley Sands and Smackover Limestone 
was returned to the Jones Reservoir. The injection of Smack 
over Lime gas was discontinued because sour gas caused me 
chanical trouble in the compressors and scale deposits on the 
sand face of the injection wells. The supply of Cotton Valley 
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ACTUAL COMPARED WITH PREDICTED PERFORMANCE 


FIG. 3 — PERFORMANCE OF SHULER JONES SAND POOL 


gas has declined to an insignificant volume and the injected 
gas now consists mainly of gas produced from the Jones Sand. 

The accumulated volume of injected gas amounted to 89 per 
cent of the gas volume produced from the Jones Sand as of 
July, 1950. The injected gas volume of 83 billion cu ft ex- 
ceeds slightly the estimated volume of 80 billion cu ft of solu- 
tion and free gas that was initially in place in the reservoir 
The accumulated injected volume would, at reservoir pressure 
conditions existing in July, 1950, occupy a space of 175 mil- 
lion bbl, which compares with a total initial volume of reser- 
voir space of 240 million bbl. Measured in other terms, the 
injected gas volume would occupy a reservoir space three 
times the volume of the available 60 million bbl of free gas 
space which existed in July of 1950. These relationships are 
a measure of the gas handled during a period in the life of the 
Jones Sand Pool when 50 per cent of the initial oil in place 
was recovered and produced gas/oil ratios did not exceed 
4.500 cu ft per bbl 


WATER INJECTION 


In July, 1944, salt water produced in the northwest part 
of the field was returned to the reservoir through wells in that 
area (Fig. 1). Fresh-water injection was started in May, 1945, 
into one well located on the eastern edge of the field and con- 
tinuous fresh-water injection was started in November, 1945. 
The combined fresh and salt water injection rate has ranged 
from 4,000 to 5,000 B/D from the last half of 1947 through 
the first half of 1950 (Fig. 2). The water-injection program 
has resulted in daily production rates of as high as 600 B/D 
from some wells originally shut down because of excessive 
gas oil ratios. 

Pressure maintenance has been primarily the result of gas- 
injection as the volume of injected water on a daily average 
has been equal to no more than 10 per cent of the reservoir 


volume of the daily injected gas. 


RESULTS AS COMPARED WITH PREDICTIONS 
OF UNITIZED OPERATIONS 


Che Shuler Jones Sand Unit was justified on a prediction 
of future behavior as are all projects of that general nature. 
The prediction’ led to the conclusion that the producing gas- 
oil ratio under gas injection would be approximately 20,000 
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Table | — Production Statistics 


Accum 
Water 


Average Gas/Oil Ratio 
Cu F B 


er Bbl 


Reservoir 
Pressure, 
psia 


Prod 
Net for 
Period 


Accum 
Net 


: Producing 
End of Month for Period 


Sept., 1937 


Bbl) 


990 
1,000 
1,420 
1,660 
2,220 


917 
Jan., 193 

July, 1939 
Jan.. 1940 
Juy, 1940 
Jan. 1941 


278 


Sept., 1948 
March, 1949 
Sept., 1949 
March, 1950 


cu ft per bbl when 54 million bbl of oil were recovered 
and when, on the basis of 90 per cent return of the produced 
gas, the reservoir pressure would decline to approximately 
600 psi. In retrospect, these estimates were substantially on 
the side of underestimating the performance of the pool. At 
the present time over 50 million bbl have been recovered (ap 
proximately 50 per cent of the oil in place) and the average 
gas/oil ratio is less than 4,500 cu ft per bbl. The reservoir 
pressure is 1,400 psi (Fig. 3). 

A reasonable expectation of primary recovery without uniti 
zation would have been 34 million bbl, hence, 16 million bbl. 
or 47 per cent more oil has been recovered. The pool, 13 
years after discovery, has produced one-half its initial oil 
content and is producing at an annual oil allowable rate equa! 
to 2.5 per cent of the volume of oil that was initially in place 
(Fig. 4). Approximately 60 per cent of the current produc 
tion is obtained by natural flow. 

Predictions of recoverable oil under gas-injection or wate: 
flooding operations are sometimes tempered to the extreme 
because of some notion about the erratic nature of the per 
meability of the producing formation, the presence of shale 
inclusions or some other condition of the reservoir rock. The 
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(1,000 


Jones Sand Pool, Shuler Field, Arkansas 


Accum. Initial 


Apparent 
nitial 
Oil in Place 
(Million 
Bbl) 


Accum Accum. 

Net Water 

Produced 
(1,000 
Bbl) 


Accum 
Water 
Injected 
(1,000 
Bbl) 


vil 
Produced 
(1,000 
Bbl) 


107.2 


result is a predicted recovery usually lower than ultimately 
realized. Predicted reserve estimates based on past perform- 
ance trends under competitive operation, projected into future 
performance under unit operations, may not adequately treat 
the effect of selective production on oil recovery. In Shuler. 
the effect of selective production on oil recovery has been 
much more effective than was attributed to that feature at the 
time the original estimates were made. 


UNIT OPERATIONS WITHOUT GAS INJECTION 


The Shuler Unit could have operated as a unit for selective 
production of oil and with all produced water returned to the 
reservoir. Such a program has been advocated for some fields 
on the theory that injected gas will by-pass oil and not be of 
material benefit to the unit program. If such a program had 
been employed in Shuler, material balance calculations indi- 
cate that the pressure would have declined as shown by Curve 
C of Fig. 6 and ultimate oil recoveries would have varied from 
37 to 45 million bbl. Much of the oil production would have 
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FIG. 5 — PER CENT OF TIME PRODUCED, SHULER UNIT 
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PRESSURE-PRODUCTION RELATIONSHIP, SHULER JONES 


required artificial lift equipment. The program would have 
shown an advantage over primary production history, Curve B, 
but would not have enabled the high rates of recovery nor the 
ultimate recovery experienced with the present plan. 


FEATURES OF THE UNIT OPERATIONS 


The Shuler Jones Sand Pool had 149 wells which could be 
operated to obtain the allowed oil production. Only 40 to 60 
wells have been operated at any time and 126 of the 149 have 
been used at some time or other during the past nine years 
either for (Fig. 4). The 
unit has operated only five wells more than 90 per cent of 
the time and 34 wells more than 50 per cent. Sixty-three wells 
have been operated less than 10 per cent of the time and 27 
wells have not been operated for even one per cent of the 
unit life. 


production or injection purposes 


A graphic picture of the per cent days each well 
has been operated since formation of the unit is presented ir 
Fig. 5. 

The Jones Sand Pool can be divided into four areas of equal 
volumes for areas of oil 
drawals. Such a division is shown in Fig. 1, 
duced from each of those divisions is given in Table II. 


reservoir discussion of the with 
and the oil pro 
Area 
1, which covers the entire east part of the pool, produced 160 
bbl per acre-ft to the date of unitization as cémpared witl 
129, 86, and 72 for Areas II, III, and IV, respectively. 

The east part of the pool (Area I) has less sand thicknes- 
than the west part and because of the greater oil withdrawals 
a low pressure was created in that part prior to the unitiza 
tion (Fig. 7). In February, 1941. when the field was unitized 
that gradient from west to east was 545 lb. Shutting in the 
high ratio and low pressure wells resulted in reducing that 
gradient to 102 psi by July, 1941. Thereafter gas injection 
operations and selective production of oil created an almost 
uniform pressure condition throughout the entire reservoir 
Commencing in August, 1947, the intensified water injections 
created a high pressure condition in the east part of the field 
and today a gradient of over 1,500 psi exists in an east to 
west direction. The pressure at the eastern edge is almost at 
initial pressure. 

Gas injection in the western part of the field, Areas IIL and 
IV, has permitted greater withdrawals from those areas and 
as of March 1. 1950 
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as compared with 286, 315, and 406 respectively, for Areas 
Il, Ill, and IV. Area IV has produced better than 60 per cent 
of its initial oil in place and in July, 1950, was producing 27 
per cent of the pool production. 


CONCLUSION 


The Shuler Jones Sand Pool is an example of what may be 
accomplished in the way of increased oil production when 
accepted engineering principles for the production of oil are 
applied through unit operations. The Jones Sand Pool ini- 
tially contained 100 million bbl of oil and has produced one- 
half of that volume, or about 50 million bbl, in 13 years of 
producing life, nine of which were under unit operations. Pri- 
mary production from the field would have been 34 million 
bbl, hence unit operations had in nine years made possible 
an increased recovery of oil amounting to 50 per cent more 
than would normally have been produced. 
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Table Il 


AREA I AREA II 


For 

Period Period 
)-17-37 to 2-14-41 b d 979,83 i 4,833 
2-14-41 to 1- 1-42 5 
l- 1-42 to 1- 1-43 
1- 1-43 to l- 1-44 
1- 1-44 to 2- 1-45 
2- 1-45 to 3- 1-46 
}- 1-46 to 4- 1-47 
4- 1-47 to 3- 1-48 
t- 1-48 to 3- 1-49 
3- 1-49 to 9- 1-49 

371,48 

50,000 productive acre ft 


Each Area 37,500 productive acre ft 


DISCUSSION 


By Lincoln F. Elkins, Sohio Petroleum Co., Oklahoma City 
Okla., Member AIME 

The paper. “Engineering Features of Shuler Field and Unit 
Operations,” presented eight years ago and its sequel. the 
present paper on “Nine Years of Unitized Pressure Maintenace 
Operation in the Shuler Jones Sand Pool” combine to make a 
very important contribution to petroleum engineering litera 
of actual production performance 
early engineering forecasts helps to evaluate and improve 
engineering methods. The authors and the unit 
should be highly commended for publishing this comparison 

The main thesis of the paper is the efficient operation and 
high recovery that has been attained through gas injection 
and unit operation. This operation which has resulted in re 
covery of 50 per cent of oil in place initially warrants con 
siderable study by all so that essential features of the opera 
tion can be copied to improve oil recovery efficiency in other 


ture. Comparison with 


operators 


fields where applicable. 

The relation between oil recovery and gas injection volume 
for nine gas injection projects were presented in a previous 
paper and are repeated here in Fig. 1. To this has been added 
the performance data of the Shuler Jones Sand Pool caleu 
lated in the same manner, assuming that recovery is due to 
displacement by injected gas and expansion of gas released 
from solution in oil prior to the period of gas injection. Essen 
tially this is a plot of percentage oil recovery versus cumula 
tive hydrocarbon withdrawal (formation volume of oil and gas 
measured at formation pressure at the time of production 
with hydrocarbon-filled reservoir volume as a base. Displac« 
ment efficiency during recovery of the first 10 to 15 million 
bbl of oil at Shuler was in line with that obtained in the other 
fields. At higher recoveries, displacement efficiency was ap 
parently much better than that experienced in other fields 
Only 1/10 to 1/25 as much cumulative gas volume was ré 
quired to recover 50 per cent of oil in place initially. Casual 
examination shows the main difference is that gas injection 
at Shuler was at elevated pressures while gas injection in 
these other projects with 50 per cent recovery was at low 
pressure. However, gas injection pressures were quite high in 
some of the projects reported and early trends indicate gen 
eral conformance with the behavior of the low pressure gas 
drive projects. Therefore, it is important to study the behavior 
of the Shuler Jones Sand Pool in detail before attributing this 
high recovery efficiency to maintenance of pressure at a high 
level. Pressure maintenance has contributed largely to flowing 
substantially all the production with attendant economy of 
operation. 

Net voidage of some 5,700 B/D of oil and gas, 
decline in pressure, during the period of January, 1943, to 
August. 1946, indicates water influx of that magnitude. The 
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Jones Sand Pool 
AREA Ill AREA IV 
For 
Period 
711,925 
25,782 


For 
Period Total 

> 2,711,925 
4,537,707 
6,261,195 
7,665,506 
9,167,734 
10,823,848 
12,348,920 
13,656,759 
14,760,209 
15,046,291 
15,257,451 


526, 
307,839 
103,450 
286,082 
211,160 


9 
1 
1 
1 
1 
1 
1 
1 
1 


iuthors’ detailed material balance calculations show 
the pressure-production performance to be duplicated by 
assumption of 100 million bbl of oil in place initially and 
water influx which totals about 29 million bbl as of March, 
1950. This is an important difference in interpretation of per- 
formance from that given in the earlier paper,’ in which oil 
in place initially was calculated by material balance methods 
to be 116.5 million bbl and water encroachment was consid- 
ered to be negligible. Since July. 1941, when gas injection 
was started, about 30 million bbl of oil have been produced 
which, with gas in solution, would occupy about 39 million 
bbl space. During this period water encroachment was about 
23 million bbl and water injection was 5.4 million bbl, 
making a total of 28.4 million bbl of water added to the oil 
reservoir. Only 3.6 million bbl of water were produced. Water 
influx and injection thus ranged from 64 per cent net to 73 
per cent gross part of the formation volume of oil produced. 
With water displacement being such high percentage of oil 
production volume, the recovery efficiency and low gas/oil 
ratio performance can hardly be considered due largely to 
gas injection and pressure maintenance. Selective production 
made possible through unit operation has certainly permitted 
obtained from the 


more 


maximum displacement efficiency to be 
combined water drive and gas injection. 


With 25 per cent residual oil phase saturation in the water- 
invaded portion of the reservoir, some 50,000 acre-ft would 
be required to contain the 31 million bbl net water influx and 
injection. If in addition 10 free gas saturation 
remains in the area, some 67,000 acre-ft would be required. 
The paper includes no detail of areal water invasion, but it 
be reasonable to assume the watered-out area is nearly 


per cent 


may 
limited by a line enclosing the wells produced a large per- 
centage of the time, as illustrated in Fig. 5. The oil area out- 
side this line is approximately 2.100 acres and the reservoir 
10,000 acre-ft as deter- 
mined from the isopach map in the previous paper on Shuler.’ 
If oil displacement efficiency of the invading water has been 
sufficient to confine all the water in this area, oil recovery 
million bbl or more with 
production of only 3.6 million bbl of water. This would be 
unusual in itself to achieve better than 60 per cent oil recov- 


volume associated therewith is about 


therefrom must have been 20 to 25 


ery with such low overall percentage water production. If 
water has invaded a considerable part of the undeveloped 
area of the field it would be difficult to determine what por- 
tion of the oil recovery has been due to displacement by gas 
and what part has been due to displacement by water. In my 
opinion, it may reasonably be questioned that the oil reser- 
voir volume outside the limits of drilling is not considerably 
greater than that used in the previous and present papers on 
Shuler. Only three dry holes were drilled. Material balance 
caleulations of oil in place initially may not be reliable enough 
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FIG. 1 — GAS INJECTION REQUIREMENTS FOR OIL RECOVERY SAND 
STONE RESERVOIRS. 


to determine accurately the extent of oil reservoir beyond 


present wells. This calculation is controlled largely by oil and 
gas production prior to unitization during which gas produc- 
tion was estimated from periodic well tests. The much more 


accurate measurement of gas production and gas injection 
during unit operation does not help greatly in calculation of 
vil content because the change in formation pressure during 
this period was so limited. Incidentally, average connate water 
saturation would have to be approximately 39 per cent for 
the unusually complete core analysis and electric log data of 
this pool to conform with the 100 million bbl oil content esti- 
mated in this paper. This seems high for a sand having as 
many high permeability zones as does the Jones sand. 

The authors report results of calculations of the pressure- 
production relationship for primary operation and unit opera- 
tions without gas injection for comparison with the actual 
experience of the unitized pressure-maintenance program. In 
the oral presentation it was explained that the relation for 
unit operation without gas injection was calculated with the 
assumption that gas-oil ratios would be the same as actually 
experienced with gas injection. While this assumption might 
reasonably well define much of the relation between cumula- 
tive production and reservoir pressure, it should not neces- 
sarily determine the ultimate recovery if effects of displace 
ment of oil by water have approached that indicated by the 
analysis presented in this discussion. A similar question ap- 
plies to the calculation of performance and ultimate recovery 
by primary operation. Therefore the quantitative conclusion 
of the paper should be re-evaluated in view of the water drive 
performance that is evident. 
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AUTHOR'S REPLY TO MR. ELKINS 


The authors first wish to correct and apologize for the error 
which occurred in Table I of the original paper, in the next 
to the last column which is entitled “Accumulated Water En 
croached.” The values which appeared in that column in the 
original paper were for a term in the material balance equa- 
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tion. The corrected values are presented in the table which 
is printed with the present draft of the paper. The accumu- 
lated water encroached to March, 1950, is calculated to be 
21.3 million bbl rather than 29.1 million bbl. 

lhe comments of Elkins and others concerning the effect 
of water encroachment and the effect of gas injection into the 
Jones Sand, should lead everyone to the realization of the dif- 
ficulty of making reservoir engineering predictions of future 
operations of an oil field. In very few fields has as much 
fundamental data concerning the fluid characteristics of the 
oil and gas, or the rock characteristics of the producing zone 
made available as has been collected for the Shuler 
Jones Sand reservoir. In spite of the wealth of material avail- 
able and 13 years of production history, there remains a dif- 
ference of opinion between engineers on the relative part that 
gas and water have played in causing the recovery of addi- 


been 


tional oil. 

Elkins calls attention to the fact that the Shuler Jones Sand 
relationship of “gas displacement volume to oil recovery,” 
when plotted on his Fig. 1, indicates a better performance than 
experienced in other gas injection projects. Individual fields 
are not identified in his figure so it is not possible to analyze 
those features which may be different from the Shuler Field. 
One difference may be that Shuler Field with its many wells 
permitted a greater degree of selective production. 

The authors of the present paper readily admit that the en- 
croached water has aided in maintaining a higher degree of 
oil saturation in the portion of the reservoir swept by the 
injected gas. It could not do otherwise. Both encroached water 
and injected water were material to the degree of success of 
the gas injection program and in maintaining a low gas/oil 
ratio throughout the producing life. What is generally over- 
looked by those who advocate that water encroachment has 
been the prime factor is that water itself, without the aid of 
the injected gas. would not have made possible as success- 
ful a pressure maintenance operation in the Shuler Field. 
The authors must agree with Lincoln Elkins when he calls 
attention to the fact that the relationship presented in Fig. 6 
of the paper which shows the cumulative oil production versus 
reservoir pressure for the pool. had it been operated without 
gas injection but with all water returned to the reservoir, does 
determine the ultimate recovery that would 
have been realized by such an operation. Elkins’ statement 
is correct. but the fact remains that without gas injection the 
pressure in the reservoir after the recovery of 32 million bbl 
of oil would have been less than 600 psi. Continued water 
flooding would have recovered more oil but it would have been 
at the expense of very high lifting cost and the higher lifting 
costs would have resulted in abandonment of the field at a 
lesser ultimate oil recovery than will be possible under pres- 
ent operations with low lifting cost. 


not necessarily 


Elkins calls attention to the fact that additional oil may 
lie outside the boundary of the pool as delineated in the pres- 
ent paper. There is always the possibility of additional oil 
lying outside the boundary of any field but in this particular 
case, it is not probable. Attention is also called to the fact 
that 39 per cent water saturation is high for sand having 
permeability of the Jones Sand. The authors admit that the 
39 per cent calculation is high and have attributed the error 
to the measurement of porosity. In 1937 and 1938 when these 
cores were analyzed, the analysis method did not take into 
consideration the asphaltic content in the pore space of the 
sand. The porosity reported in the paper is a total porosity 
and not an effective porosity. Because effective porosity is less 
than total water saturation would be less than 39 
per cent if the reservoir were to contain the 100 million bbl 
of oil in pla € ” 2 & 


porosity, 
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USE OF CENTRIFUGE FOR DETERMINING CONNATE 
WATER, RESIDUAL OIL, AND CAPILLARY PRESSURE 
CURVES OF SMALL CORE SAMPLES 


R. L. SLOBOD, ADELE CHAMBERS, MEMBERS AIME, AND W. L. PREHN, JR., ATLANTIC REFINING CO., DALLAS, TEX. 


ABSTRACT 


The centrifuge has been found to be an extremely useful 
tool for determining capillary pressure curves and for estab 
lishing connate water and residual oil in small core plugs. The 
use of the centrifuge for determining the properties of smal! 
core plugs has been discussed in the literature,'* but practi 
cally no experimental evidence has been presented justifying 
the use of this method in preference to other methods (mainly 
disc method) now in use. Data have been accumulated and 
are now presented demonstrating the advantages of the cen 
trifugal method, some of which are: (1) rapid establishment 
of equilibrium, (2) excellent precision yielding very repro 
ducible results, (3) availability of high pressure differences 
between phases, (4) simple operational procedure, and (5) 
ability to establish connate water, residual oil, or to obtain 
complete capillary pressure curve in one day or less. A com 
mercially available centrifuge capable of speeds up to 3,800 
rpm, and a high speed attachment providing a maximum rate 
of rotation of 18,000 rpm were used in this work in conjunction 
with core holding tubes designed specifically for this applica 
tion. 

In view of the outstanding advantages associated with the 
use of the centrifuge the conclusion has been drawn that this 
method should be used in place of the more tedious, slower 
and less reliable disc method for determining capillary pres 
sure curves and for establishing connate water and residual 
oil in small core plugs. 


INTRODUCTION 


The need for accurate values of connate water, residual oil 
and capillary pressure curves in reservoir engineering has 
been recognized for many years, and the extent of the effort 
devoted toward solving these problems is reflected in the large 
number of papers’’’ which have appeared in the literature 
during the past decade. Most of the methods discussed in the 
recent literature employ a porous disc as a semi-permeable 
membrane to separate two immiscible phases and make pos 
sible the application of an explicit difference in pressure be 
tween two phases in the core. Thus, in the determination of 
the capillary pressure curve the. wetting phase (water) is 
displaced by the non-wetting phase (air or oil). 

Several investigators’ have used centrifugal forces to de 
velop pressure differences between phases. As a result of the 
first work’ in this field the conclusion was reached that “the 


more rapid centrifugal method for measuring irreducible 


References at end of paper. 
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saturation may have equal value, (compared to use of discs) 
but more work is required to establish this point.” This work 
was followed in 1945 by a more detailed study’ in which the 
concepts of this experimental work were more clearly enun- 
ciated. A method for calculating saturation for any given 
speed of rotation based on the observed volume of water dis- 
placed was developed and a wider application of the method 
was suggested. 

The absence of any subsequent pertinent literature on this 
subject is interpreted as indicating that no additional work 
has been completed to substantiate or deny the earlier claims 
and suggestions of promise contained in the original papers 
on this subject. One purpose of this report is to provide evi- 
dence designed to establish the practical value of centrifugal 
methods in determining core properties such as connate water 
and capillary pressure curves. It is also our purpose to suggest 
a broadening of the scope of this tool to include determina- 
tions of residual oil by gas or water drives. 


THEORY AND PRACTICE IN USE OF 
CENTRIFUGE 


Hassler and Brunner’ have clearly presented the basic con- 
cepts involved in the use of the centrifuge by relating the per- 
formance of a small core in a field of high acceleration to the 


FIG. 1—CENTRIFUGE SHOWING COIL, 
TYPES OF CORE HOLDERS 


STROBOSCOPE, AND TWO 
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FIG. 2— CORE HOLDER WITH BOTTOM WELL FOR DISPLACED FLUIDS 
FOR USE IN NORMAL SPEED CENTRIFUGE 


known action of gravity drainage in a vertical column of uni- 
form composition. If long uniform cores were available from 
all reservoirs, and allowing sufficient time for equilibrium, con- 
nate water values and the capillary pressure curve itself could 
be obtained by analyzing sections of a core at various heights 
above the free water level. The pressure difference between the 
phases in this case can be calculated by the basic equation 
AP = (p,—p.) gh, where AP is the pressure difference between 
the phase 1 and 2, at height A above the reference level, p 
and p, the densities of the two fluids present in the porous 
medium and g, the acceleration due to gravity. 

In the centrifuge. however, only a short core is used, but 
large pressure differences between the phases are developed 
in spite of a small value of A because of the extremely high 
acceleration which is developed at high rotational speeds. The 
relationship (developed below*) expressing the pressure dif 
ference between the phases in psi at any height A in the core 
rotating at speed n (rpm) with a radius of rotation r is AP 
1.578 x 10° (p rand A in cm). 

If a core containing water is rotated at an appropriate speed 
in a tube containing oil or air around the core, the water can 


p.)n'rh (pin g/em’, 


be displaced down to the connate water value while air or oil 
replaces the displaced phase. If a capillary pressure curve is 
desired, intermediate speeds of rotation are used, the speed 
and volume of displaced water being measured for each equi- 
librium state. Similarly, if a residual oil value is desired, the 
core containing connate water and oil is placed in a tube 
surrounded by air or and rotated in the centrifuge. 
When air is the displacing phase, the displaced oil accumu- 
at the bottom of the tube. When 
accumulates 


water 


lates in a small chamber 
water is the displacing phase, the displaced oil 
on top of the water layer. Other determinations, such as eval 


*The basic equation for acceleration in the centrifuge 


2_rn ty? 

s in rpm, then + , and ¢ Dividing this equation by g 
60 3600 

to get g’, the ratio between the acceleration in the centrifuge and that of 

a §.0000111 n’*r. By combining this equation with the 

t 


gravity gives 
\P ( p:)ah and converting the units from g/cw 


equation for 
psi by multiplying by 0.01422 we get Pp 
only instance in which the value of AP need be known accurately is in the 
determination of the capillary pressure curve. In these cases a 0.8 ratio 
between the radii from the center of the system to the top of the core 
and to the base of the core was always exceeded, as specified by Hassler 
In other cases, this equation gives an approximate answer which is accu- 
rate enough for most purposes 
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iation of critical saturation, may also be possible by 


fas 


proper utilization of the centrifuge 


Apparatus 


\ standard International Size 2 Centrifuge modified with a 
cooling coil and compressor was used in this work, operating 
at various speeds up to 3,800 rpm (Fig. 1). The refrigerated 
model PR-1 Centrifuge might be preferable since slightly 
higher speeds are possible with this model. The centrifuge 
was mounted on a portable vibrationless stand made by Inter- 
national. For extremely high speeds (18,000 rpm with result- 
ing acceleration of 25,000 gravities at tip of centrifuge tube) 
a multispeed attachment with four place conical head was 
used. This attachment is belt driven and rotates 4.6 times the 
speed of the central driving shaft. For speed control a large 
Variac was found to be superior to the variable resistance 
generally supplied with the centrifuge. The tachometer sup- 
plied with the centrifuge and a calibrated stroboscope (Type 
631-B Strobotac Radio) 
rotation speeds. 

\ number of special tubes for supporting the core specimen 
were designed with strength consistent with the large forces 
developed at the high speeds of rotation. The simplest holder 
used in these studies consists of a straight cylindrical tube 
with a bed of sand to support the core. This system with water 
surrounding the core is ideally suited for establishing resid- 
ual oil by water drive in a core saturated with oil and con- 
nate water. Such a tube can be used in both the conventional 


General were used to measure 


trunnion rings for normal centrifugal speed, or in the special 
high speed attachment. Merely to establish water 
saturation in a core, or to establish residual oil by air drive, 
the holder shown in Fig. 2 is used in the normal speed centri- 
fuge. These tubes contain a well at the bottom where displaced 
liquid is collected and kept out of contact with the core. The 


connate 


special holder shown in Fig. 3 is used in establishing connate 
water in core samples that require the higher pressure differ- 
ences between the phases attained by the higher rate of rota- 
tion in the high speed attachment. The special design is re- 
quired because of the angle at which the tube is held in the 
high speed head. Finally, the holder shown in Fig. 4 is used 
for obtaining the 
displacing water, the displaced water being measured in the 


apillary pressure curve for the system air 
pipette contained in the lower end of the tube. 


Aluminum Stopper 


Pressure Relief 
ent 


Core AG 
Mone! Screen,650 Mesh Re | VY 


oil Displaced Water 


FIG. 3 — CORE HOLDER WITH BOTTOM WELL FOR DISPLACED FLUIDS 
FOR USE IN HIGH SPEED CENTRIFUGE 
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FIG. 4— CORE HOLDER FOR USE IN OBTAINING CAPILLARY PRESSURE 
CURVES. 


Since the circuit driving the stroboscope did not operate 
below 600 flashes per min, at rotational speeds below 600 rpm 
a special contractor using a cam driven directly by the shaft 
of the centrifuge was used to operate a microswitch. The open 
ing and closing of this switch was used to initiate the flashing 
of the light source. 


Procedure 


A core plug, approximately 1 in. long and %4 in. in diam 
eter is used in all of the studies discussed. The core sample 
is always cleaned and then saturated with a sodium chloride 
brine (approximately 5 per cent). From the dry weight and 
the saturated weight the porosity is determined. The saturated 
core is then subjected to one or more of the operations de 
scribed below. Whenever possible, a material balance ap 
proach is used to evaluate each process, but in all cases where 
accurate values are required, the final saturation of the core 
plug is determined directly, either by weighing, which is 
accurate when one of the two phases present is air, or by 
direct analysis using vacuum distillation to remove the satu 
rants and a liquid nitrogen trap to collect and measure the 
liquid saturants from the core. Final dry weight is used to 
check on loss of solid from the core. The temperature of the 
centrifuge is maintained at approximately 75°F to eliminat 
significant errors from evaporation. 

The method used to establish connate water saturation in 
the cores depends upon the required pressure difference be 
tween the phases for the particular core and on the choice of 
air or water as the displacing phase. For the tightest cores, 
the maximum pressure difference between phases should be 
used. To accomplish this the high speed head and the tube 
shown in Fig. 3 to contain the core are used. The use of ai 
as the displacing phase will provide the maximum AP between 
phases, but some difficulty in reproducibility has been experi 
enced in this system. In most studies using the high speed head 
oil has been used as the displacing phase with excellent re 
sults. Generally, the water saturated core is placed in a bed 
of 40-70 mesh sand (to prevent splitting of core from high 
local pressure) which is confined with a fine monel screen and 
supported by the shelf shown in Fig. 3. The displacing oil 
phase is added, and the unit closed with a cap containing an 
O-ring seal and a small vent hole. The pairs of tubes are bal 
anced to within 0.lg. inserted into the high speed head, and 
then rotated at 18,000 rpm (AP between phases at midpoint 
of core is approximately 105 psi) until equilibrium is at 
tained. The time required for most cores is of the order of 
one hour, although very tight cores may require several hour 
to approach equilibrium even closely. For looser cores which 
require excessively high pressure differences, th 
simpler tube shown in Fig. 2 can be used in the normal speed 
head centrifuging 4 or even 8 cores simultaneously using 
standard equipment to hold the core tubes. In this normal 
speed operation the core is placed on a monel platform which 
is supported on a shoulder cut into the wall of the monel tube 
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Che storage space below the supporting plate has sufficient 
volume to hold all of the displaced water without allowing 
the collected to contact the bottom of the core. At a 
speed of 3,800 rpm a AP between phases of 14 psi is devel- 
oped at the center of the core for the oil-water system and 50 
psi for the air-water system. Generally, one hour is sufficient 
time for the system to come to equilibrium. In some cases it 
is desirable to mount the core in capillary contact with a disc 
1g in. to 14 in. thick. In this way, the end effect is transferred 
to the dise and a slightly greater net AP between the phases 
operates to drive the core down to connate water more effec- 
tively. No trouble with capillary contact is experienced here 


water 


because of the extremely large force acting to push the core 
into contact with the disc. Kleenex is also used here to im- 
prove the quality of contact. 

To determine residual oil by air drive, the core plug con- 
taining connate water and oil is placed in the tube shown in 
Fig. 2. With air as the only other component present in the 
tube, the system is rotated at 3,800 rpm for approximately 
one hour. The displaced oil is collected in the bottom of the 
tube. The residual oil may be calculated from the weight of 
the core knowing the connate water value. Generally, a direct 
determination using the vacuum distillation technique is used 
to measure directly the residual oil. 

Residual oil by water drive is determined by placing the 
core containing connate water and oil in a bed of coarse sand 
in the tube shown in Fig. 3. The core is then covered with 
water, the tube closed, and then centrifuged for one hour 
in the high speed attachment at 18,000 rpm. 

The capillary pressure curve for the system air displacing 
water is obtained using the special core holder: shown in Fig. 
1. The fully water saturated core is placed in the holder, and 
the unit then placed in the centrifuge. The system is rotated 
at a number of different speeds selected to cover the range 
of pressure differences between phases required for the par- 
ticular core. At each speed setting, the rate of rotation is 
maintained constant until no additional water is observed to 
collect in the pipette. In accordance with Hassler’s recommend- 
ation, the speed of the centrifuge should hot be allowed to 
decrease at any time during the run. Pipettes are read to the 
nearest 0.01 cu cm while rotating by use of light flashes from 
a stroboscope. Generally, 30 to 45 minutes is sufficient time to 
establish equilibrium at each point. A complete curve with 
6 or 8 points may be obtained in one working day. In actual 
practice eight cores are run simultaneously. Subtracting the 
volume of displaced water from the original water content 
in the core. The correct value 
of saturation to use in plotting the capillary pressure curve is 
determined by 


gives the average saturation, s, 


using the method suggested by Hassler’ in 
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FIG. 5 — INTERSTITIAL WATER SATURATION IN CORE CENTRIFUGED AT 
2,300 RPM USING WATER-AIR SYSTEM 
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FIG. 6 — STUDY OF TIME REQUIRED FOR RELATIVELY TIGHT CORES TO 
COME TO EQUILIBRIUM IN HIGH SPEED WATER-OIL SYSTEM 
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which the slope of the curve for Zs plotted against Z gives 
the value of saturation consistent with Z, where Z is the pres- 
sure difference between the phases at the top of the core 
(maximum AP in core). The value for Z is calculated assum- 
ing a constant value for acceleration from top to bottom of 
core calculated on the basis of the radius of rotation meas- 
ured from the center of the centrifuge to the center of the core. 


RESULTS 


Establishment of Connate Water: Air-Water 
and Oil-Water Systems 


The time required for loose cores to come to equilibrium 
using air to displace water at 2,300 rpm (maximum AP be- 
tween phases = 35 psi) was found to be approximately one 
hour. The rate of approach to equilibrium is shown in Fig. 5. 
In the four cores studied with permeabilities ranging from 
1,140 md to 2,710 md, no change in fluid saturation was ob- 
served after one hour of centrifuging. These data were ob 
tained in the equipment used to obtain capillary pressure 
curves, the volume of expelled water being measured directly 
Other data, not presented, indicate that most cores of 200 md 
permeability or higher will attain or closely approach equi- 
librium in less than two hours for the system air-water at 
speeds of 3.800 rpm. Studies using the high speed (18,000 
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FIG. 7—CORRELATION PLOT OF INTERSTITIAL WATER BY CENTRIFUGAL 
METHOD WITH INTERSTITIAL WATER BY CAPILLARY PRESSURE METHOD 
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rpm) apparatus to displace water by air have been discon- 
tinued. Results obtained were generally low and somewhat 
variable. Evaporation losses and trouble from other causes 
such as cavitation may be the explanation. This system does 
provide the maximum AP between phases and may be useful 
for extremely tight cores when all of the extraneous variables 
are properly controlled. 

The time required for establishing equilibrium when dis- 
placing water by oil in the high speed centrifuge (18,000 rpm) 
is shown by the data in Table I. These six cores represent five 
different fields. The more permeable cores (several hundred 
md) apparently attain equilibrium in one or two hours. Cores 
of intermediate permeability (15 to 100 md) apparently are 
close to equilibrium after two hours of centrifuging, but the 
amount of data is insufficient to make a sweeping generaliza- 


Table I 


Time 


Water Content as a Function of Centrifuging 
Water-QOil System at 18,000 rpm 


Time in ‘Centrifuge- Hours 

0.25 1.0 2.0 8.0 20.0 
39.4 36.2 33.5 32.2 31.0 

33.5 30.1 27.8 27.3 
APT 35.4 34.3 
BVR 27.4 26.5 
El 5 26.4 26.4 
AVX 13.0 


Core K (md) 
AJN 
AHI 


12.0 
tion for this case. Extremely tight cores (2 md), however. 
definitely are not at equilibrium after two hours of centrifug- 
ing. The above results on two tight cores are shown in Fig. 6. 
From these curves it is evident that the cores are close to 
equilibrium at 20 hours, and it is probable that a tenfold 
increase in centrifuging time would produce no more than one 
or two per cent decrease in water saturation. These data also 
indicate that the more practical time of eight hours gives a 
reasonably close approach to the correct connate water value. 
The reproducibility in connate water values obtainable using 
the centrifuge are shown in Table II. The reproducibility in 
most cases is within a few tenths of one per cent of the pore 
space. This result is superior to any previous results observed 
in this laboratory using the dise method or a flowing oil phase 
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FIG. 8 — CORRELATION — INTERSTITIAL WATER BY CENTRIFUGE VS 
CAPILLARY PRESSURE METHOD FOR TIGHT CORES. 
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(dynamic method) to displace the water. The reproducibility 
has been so good that small changes in the core which devel- 
oped with use, such as changes in the wetting characteristics 
leading to changes in the connate water value, can be detected. 
The checking values cited in Table II were generally obtained 
on successive days. When results obtained over an interval of 
several months with other operations performed on the 
were compared, differences of the order of several per cent of 
the pore space were observed (Table III). Theze differences 
are obviously significant in view of reproducibility to within 
several tenths of one per cent for unchanged cores. 

To obtain reliable connate water data the pressure difference 
between the phases developed in the centrifuge must be suffi- 
cient to displace the water from the pore spaces. Consequently, 
either the system which develops the maximum AP between 
phases must be used in all cases (not always desirable since 
this involves the use of the high speed head which holds only 
four cores at one time and requires more careful watching of 
the equipment) or the system used must be selected on the 
basis of known core properties (permeability unless capillary 
size distribution is known). The various systems used, listed in 
order of decreasing effectiveness in displacing water from the 
core are shown in Table IV. End butts act to transfer the zone 
of minimum AP between phases from the lower end of the 
core to the porous medium used for the end butt. Consequently. 
the zone of high water saturation, generally called the end 
effect. is largely removed from the core and put into the end 
butt. In addition, the height of the liquid column is increased 
by the thickness of the butt leading to a slightly higher value 
for AP between the phases throughout the core. 

The AP between phases is 0 psi at the bottom of the core. 
where 100 per cent water saturation is assumed to exist. and 
it increases to a maximum at the top. The value of AP at the 


core 


Table Il — Reproducibility of Connate Water Values: 
Air - Water and Oil - Water Systems 
Connate Water Values by Analysis 
Low Speed: Air-Water High Speed : Oil-Water 
Test 1 Test 2 Test | Test 2 
9.0 9.1 
Hz 11.3 
10.5 10.6 


13.1 13.8 


K (md) 
3100 
2500 
2100 
1700 


Core 
crc 
cos 
COT 
CPA 
COF 
AVX 
COP 
EU 
1188 
BVR 
APT 
AHL 
AJN 


16.8 
14.4 13.9 


22.3 


14.1 
22.5 
27.3 

8.5 

26.5 

35.4 

33.7 

36.8 


top of a 1 in. core for typical systems is shown in Table IV. 
The maximum AP is approximately 750 psi for the high speed 
air-water systems. 

Results of connate water determinations on a number of 
cores using the six different systems are shown in Table V. 
These data show that for many of the more permeable cores 
the normal speed air-water system or the air-water system with 
end butt is as effective in desaturating the core as the high 
speed water-oil system (cores COY, COX, AVX, and 1189). 
The tighter cores (BVR, ATF, and AUE) show the real need 
for the extremely high pressure differences between the phases 
produced in the high speed head. At this stage it is not clear 
whether the results obtained using the high speed head for 
the air-water system are reliable. Cavitation,’ possible evapo- 
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FIG. 9 


ration losses, and other experimental difficulties may account ) 
for the generally lower results obtained in this system. 

In order to evaluate further the reliability of the centrifuge 
method for establishing connate water in core plugs approxi- 
mately 100 cores, on which capillary pressure studies using 
the disc method had been made, were selected. An interstitial* 
water determination with the normal speed air-water system 
was made on each of these cores. The results are shown in 
Fig. 7. 

The data in Fig. 7 demonstrate a good correlation between 
the centrifugal method and the capillary pressure system. The 


‘Interstitial water denotes water saturation for some stated experi- 
mental condition. At a sufficiently high pressure difference between the 
phases, the interstitial water saturation will become equal to the connate 
(irreducible) water saturation. 


Table III 


Change in Connate Water Value Showing 
Change in Core 

Connate Water 

System: Using High Speed Head 


Value for Oil-Water 


Core Orig. Value 
COF 14.5% 
El ) 31.1 
RVR 25.0 
APT 30.8 
AHI 29.1 

AJN 32.2 


Later Value Difference 
16.8% 2.3 
27.3 3.8 
26.5 L5 
35.4 4.6 
33.7 4.6 
36.8 4.6 
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most all of the values are seen to lie well below the regression 
CORE No. AVZ line, indicating that the pressures used in the capillary pres- 
Kg* 1030 md. $:24.9% sure work were clearly inadequate. 
4-CENTRIFUGE DATA 1st RUN Capillary Pressure Curves: Air-Water System 
@-CENTRIFUGE DATA 2°°RUN Capillary pressure curves have been obtained on more than 
X=DISK METHOD 30 cores by use of the centrifugal method described under 


“Procedure.” At least two determinations have been made on 














more than 16 different cores. Very good agreement between 
check runs was generally observed. Typical results on three 
cores are shown in Figs. 9 to 11. Points on the capillary pres- 
sure curve obtained in another laboratory by use of the disc 
method are represented by x’s in these plots to show the gen- 
eral agreement in value between the two methods. The repro- 
ducibility observed may be summarized quantitatively by 
stating that for all of the duplicate runs made the average 
spread in saturation at 24 psi pressure difference between the 


phases was 2.7 per cent, and the average pressure spread at 
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Table IV — Pressure Difference Between Phases at Top 
of Core 1-in. Long 
System AP Max. 
High Speed Centrifuge: Air-Water 750 psi 
(18,000 rpm) Oil-Water 210 psi 
Normal Speed Centrifuge (3,800 rpm) : 
Air-Water with 14-in. end butt 125 psi 
Air-Water 100 psi 
Oil-Water with 14-in. end butt 35 psi 
Oil-Water 28 psi 
Constants: 
Average Radius of Rotation for 1-in Core - 
Normal Speed 16.5 cm 








CAPILLARY PRESSURE psi. 





























pean Average Radius of Rotation for 1-in Core - 
oa sm High Speed 4.25 cm 


% 0.2 0.4 06 08 0 Effective height of l-in. core when supported at slope 





in high speed head = 3.26 cm 
CMINE SATURATION Density of 50,000 ppm Chloride Brine = 1.053 
FIG. 10 — CAPILLARY PRESSURE CURVE SHOWING REPRODUCIBILITY. Density of Oil = 0.758 
Equation used: AP = 1.578 x 10 *(p,—p.)n'rh; 
cores in this study were divided into two groups. The cores AP = psi; p = g/cc; n=rpm; 
of group I (shown in Table VI) had capillary pressure curves r=cm; h=>cm 
which were vertical in the higher pressure region (10 to 16 ; 
psi between phases for oil-water and up to 50 psi for air- Table \ Water Saturation Values Obtained to 
water) indicating that the saturations at the completion of Demonstrate Relative Effectiveness of Various 
the capillary pressure runs were at the connate water value. Centrifuge Methods ——__ 
Ihe connate water values on these cores obtained using the Normal Speed High Speed 
air-water system in the centrifuge are in fairly close agreement Oil-Water System Alr-Water System 
with the capillary pressure values. In most cases the centri- , ) A ae 
fugal method gave a slightly higher water saturation. In cases _Core__K (ma) Butt Butt Butt _ Butt Water Water 
such as this, true connate water was apparently attained in AVT 2710 7.7 6.7 5.7 
the capillary pressure method, and the centrifuge value is AVL 2210 10.7 7.7 6.6 
slightly in error because of the end effect previously dis- COY 1800 12.1 12.3 
cussed. If greater precision is desired, this end effect can be COX 1600 14.5 14.8 
eliminated by the use of butts. COF 1350 20.0 14.5 
In Table VII are listed the second group of cores which had AY X 885 14.4 _ 13.9 
connate water value greater than 30 per cent or which did not COG 570 22.: 20.6 17.8 18.0 
have vertical capillary pressure curves at the highest displac- 1189 +70 . 9.8 - 10.8 
ing pressures (16 psi) used. Lower values of interstitial water COP 160 . 22.3 20.5 19.5 18.3 
saturation were observed on the majority of these cores by El 458 36.2 — 31.1 215 
centrifuging in the low speed air-water system as compared to 1188 453 - 8.9 - 8.5 5 
the capillary pressure method. Inadequate pressure, poor AEP 25.. 20.0 18.2 _ 
capillary contact, or failure to wait the extremely long time AEQ 24. 22.8 19.9 - 
necessary to establish true equilibrium in the capillary pres) AWB ‘ : 26.8 aot 22.0 
sure system could explain these results. A number of these BVO 27.2 26.4 25.2 
cores were run in the high speed centrifuge (oil-water sys- BVR 7 . i 29.4 27.2 26.5 — 
tem) in order to obtain a better value for connate water. These ATF 2. 49.1 — 29.0 24.4 
results are given in Table VII and are shown in Fig. 8. Al- AUE “ . — 54.5 — cs a 
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95 per cent saturation was only 0.4 psi. These results were 32 
obtained in cores from five different fields with permeabilities 
ranging from 3.5 to 1,030 md. From the excellent reproduci- CORE No. BVL 
bility observed in this study, the conclusion has been drawn Kg=225md. $224.3% 
that the centrifuge method is sufficiently reliable to replace 

the disc method which is much less reliable and which is at 4- CENTRIFUGE DATA I§t RUN 
best only of comparable precision. ®-CENTRIFUGE DATA 2°4 RUN 
®-CENTRIFUGE DATA 3°? RUN 


Residual Oil: Water Drive and Oil Drive X=DISK METHOD 

















A small amount of data has been obtained showing that 
reproducible residual oil values can be obtained either by 
driving the core with water or with air. Some of the values 
for water drive are shown in Table VIII. In some cores the 
agreement is excellent (within several tenths of 1 per cent of 
the pore space). In others the variation is greater than 1 per 
cent of the pore space. Unfortunately, as a result of the mate- 
rials and methods used in this laboratory, the wetting charac- 
teristics of cores apparently change with use, resulting in 
changes in the observed value for residual oil. This difficulty 
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Table VI — Comparison of Interstitial Water Values 
Obtained by Centrifugal Method (Low Speed Water- 
Air System) and by Capillary Pressure Method 
Core K (md) Cap. Pres.* Centrifuge 

CPC 3100 4.5 9.0 
AVT 2710 5.2 6.7 
cos 2500 10.6 11.2 
CPD 2400 6.8 
AVN 2318 5.8 
AVS 2230 5.7 
AVL 2210 5.3 


COT 2100 9.6 3. 
COY 1800 9.6 2. 
CPA 1700 10.3 3. re) 


cox 1600 10.7 . Oo 0.2 0.4 0.6 08 1.0 
COR 1540 14.8 , BRINE SATURATION 
COL 1400 13.8 . FIG. 11 — CAPILLARY PRESSURE CURVE SHOWING REPRODUCIBILITY. 
COF 1350 13.0 
COZ 1300 11.0 3.< is expected to be overcome by modifications in procedure and 
COM 1140 14.0 . materials used so that results reproducible to a fraction of 
AVZ 1030 11.2 : 1 per cent of the pore space can be attained. 
COH 975 17.0 As a result of considerable experience with the centrifuge 
AVV 954 11.0 p in establishing connate water and residual oil in core samples 
AVW 926 i for use in subsequent experimental work, particularly in the 
AVX a! laboratory determination of relative permeability, the versa- 
col tility, reliability, and convenience of this method have been 
coo amply demonstrated. Moreover, this tool can be used to facili- 
AVY tate relative permeability determinations by rapidly establish- 
COG f ing residual oil saturation after the point has been reached 
coj 525 where the oil saturation changes slowly with time in the rela- 
CON : tive permeability apparatus. After residual oil is established, 
AWA the relative permeability of air (or water) may be determined 
1189 in the relative permeability equipment. The use of the centri- 
COP 5 fuge as outlined above, in which cores are provided with de- 
1188 5: 8.9 sired saturants present, has proved to be extremely valuable, 
AES 3: 21.5 and in future applications this use may possibly exceed in 
AEP 3 20.0 importance the determination of core properties merely for 
cog ‘ 5. 28.9 their own sake. 
APL : 15.1 Other applications such as the determination of critical gas 
APK 15.3 saturation and studies at simulated reservoir conditions pos- 
AWC : 23.0 sibly may be carried out in the centrifuge. 
AEQ 20.9 22.8 
AWB 26.0 26.8 CONCLUSIONS 
APH 18.7 21.8 
ATF 5. 17.4 49.1 1. In the evaluation of the property of core plugs the cen- 
*All Cores Apparently at Connate Water from Capillary Pressure Curve. trifuge can be used to establish connate water saturation, 
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CAPILLARY PRESSURE CURVES OF SMALL CORE SAMPLES 


residual oil by air or water drive, and can be used to obtain 
capillary pressure curves. 

2. The use of the centrifuge for connate water, residual oil, 
and capillary pressure studies has many advantages, particu- 
larly with respect to the disc method now in common use. 
These are: 

a. Little development cost is involved as most of the parts 

are commercially available. 


Table VII — Comparison of Interstitial Water Satura- 
tions Attained by Centrifugal Methods with Those 
Obtained by Capillary Pressure Methods 
Cores with vertical capillary pressure curves and with residual 

(water) values above 30° : 
High Speed 
Water-Oil 
31.1 


Low Speed 
Water-Air 
36.2 
28.6 
36.1 
23.6 
32.0 
27.2 
31.9 
29.4 
31.6 
34.5 
40.0 

52.3 34.1 
43.5 30.8 
48.0 27.3 
52.0 29.1 
AHG 61.5 50.5 25.6 
YZ ). 50.0 53.5 41.3 
Cores of which the capillary pressure curve was not vertic 
CBW 92.6 82.9 
ZH y 73.6 58.0 
BAG 
CGI 
AHA 
AAC 
CGP 
ANG 
CG\ 
CHH 
ANB 
AOR 
AX\ 
CGN 
CGK 
ATX 
CHD 
AHB 
AYB 
BAF 
BLW 
CGH 
AZU 
CGJ 
AKO 
AZW 
AZX 
CGG 
CGL 
CHG 
(ZI 
A7M 
AZN 


K (md) 
El 458 
COV 360 
XY 345 
BVL 225 
COK 140 
BVO 84 
BVN 84 
BVR 67 
API 46 
APQ 
BVM 
APL 
APT 
AHF 
AHI 


Cap. Pres. 
32.1 
26.1 
37.8 
34.8 
30.2 
4.5 
43.3 
40.0 
32.8 
37.8 
51.0 
54.5 
35.3 
40.3 
71.1 
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USE OF CENTRIFUGE FOR DETERMINING CONNATE WATER, RESIDUAL OIL, AND 


Table VIII — Reproducibility in Residual Oil Deter- 
minations Using Water to Displace Oil from Cores 
Containing Connate Water 

Residual Oil Values — 


% of Pore Volume 


Core 
COP 
1447 
AWB 
API 
1443 
1437 
1439 


K (md) 
460 
283 
138 

16 
rf 
4.8 
0.86 


Run |] 
21.3 
14.4 
21.7 
34.3 
29.2 
24.0 
30.8 


Run 2 
21.3 
10.2 
19.6 
34.3 
31.8 
24.0 
28.7 


Run 3 
11.4 
30.6 


26.4 
30.1 


Run 4 


10.2 


28.8 
23.6 
32.2 


Avg. 
21.3 
10.8 
20.7 
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b. The initial cost is low. 

c. Apparatus is a simple, compact system requiring little 
manipulation, which makes it nearly foolproof and re- 
sults in very little lost data. 

. System reaches equilibrium rapidly, making results avail- 
able more quickly. The time loss usually experienced as 
a natural result of equipment failure and experimental 
difficulties in long drawn out experiments is not present. 
More accurate data are also obtained because equilibrium 
is really attained instead of just approached. 

». Results are more accurate because sources of error such 
as poor capillary contact and iailure to attain equilib- 
rium are absent and because higher pressure differences 
between phases necessary for many cores are available. 

. Results are reproducible with greater precision than in 
other known methods. 

g. The theoretical basis of the work appears to be sound 
since the principle of drainage which is involved in the 
centrifuge is closely related to that in the reservoir. 

3. The centrifuge is particularly applicable to establishing 
connate water in cores either for determining that value or for 
experimental work in which cores containing connate water 
are needed. 
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i * Drift of Things , 


We Might Move to Austria 


New York City is often considered 
by many to be an expensive place in 
which to live and do business, so the 
suggestion is frequently made that 
AIME headquarters be moved else- 
where. 

Traveling about the country a bit, 
as we have had to do, and maintaining 
an office and publishing a magazine in 
Dallas as well as in New York we have 
come to the conclusion that the AIME 
would save no money if its headquar- 
ters were in some other city. The ex- 
pense of removal would be considerable, 
and an almost completely new staff 
would have to be trained. Present con- 
tacts with other engineering organiza- 
tions would suffer greatly, or be much 
more costly. 

Evidence that prices in New York are 
not high compared to other cities has 
just been compiled by the Bureau of 
Labor Statistics. It studied an urban 
worker’s family budget in 34 cities in 
October, 1950. This is as good a guide 
as any to the comparative cost of doing 
business in those cities, for where living 
costs are high, business costs are in pro- 
portion. The 34 cities rank as follows: 
Washington, Milwaukee, Richmond, 
Houston, Atlanta, Seattle. Boston, San 
Francisco, Los Angeles, Memphis. Jack- 
sonville, Pittsburgh, Baltimore, Detroit. 
Chicago, Denver, Cincinnati, Minneapo- 
lis, Norfolk, Birmingham, Portland, 
Ore., Philadephia, Buffalo, Manchester, 
New York, St. Louis, Cleveland, Port- 
land, Me., Scranton, Indianapolis, Sa- 
vannah, Kansas City, Mobile. New Or- 
leans. 

Thus New York is really one of the 
cheaper cities of the country in which 
to live. Washington is the most expeén- 
sive, which should occasion no surprise. 
Costs of living are, of course, less in 
country towns, but the AIME would 
have to function quite differently if its 
headquarters were in an inaccessible 
place. 

Writing the Drift this month while at 
home in bed with la grippe, we have 
had a chance to glance at the current 
“Atlantic.” Turning first, as we are wont 
to do, to the most highly intellectual 
departments, we notice in “Accent on 
Living,” that Austria is the cheapest 
country in Europe open to Americans, 
with rather fantastic prices compared 
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. . as followed by EDWARD H. ROBIE 


Secretary AIME 








to the U.S.A. If we are going to move, 
let’s move. 


Adieu to James R. Finlay 

A generation or two ago, one of the 
most prominent American 
mining was that of James Ralph Finlay. 
Death claimed him on January first. 
He had led the usual active life of a 
leading mining engineer, with work all 
over the world. He was a writer of dis- 
tinction, too. Finlay’s Cost of Mining 


names in 


is, of course, a classic. Within the year 
he had visited our office bringing with 
him the manuscript of what would be a 
two-volume work, partly autobiographi- 
cal and partly technical and economic. 

Just two weeks and two days before 
Finlay died he wrote a letter to his old 
friend, Milnor Roberts, of Seattle, from 
which the Dean has given us the privi- 
lege of quoting 

“I keep wondering about our posi 
tion in the world. My notion is that we 
talk too much about communism, which 
I take to be essentially a recrudescence 
of the old idea of an absolute mon- 
archy. In this view it is easy to under- 
stand that within the area in which 
Russia is now dominant it is more con- 
genial and more intelligible than is our 
capitalistic democracy, of which all the 
people east of the Alps and the Medit- 
terranean know next to nothing. Neither 
the Russians nor any of the other in- 
habitants of their present sphere have 
the same culture as the Western na- 
tions who developed our civilization. 
and we have never had very much to 
de with them. That is, a sort of iron 
curtain has always covered that part of 
the world. 

“What I think our people fail to real- 
ize fully enough is that the basic im- 
pulses that we have to contend with are 
not so much communism as the old na- 
tionalism and radicalism that have al- 
ways been there. The Chinese very nat- 
urally want to get us out of Korea, and 
to get the French out of Indo-China. 
just as we would want to get an Asiatic 
nation out of Central America. South 
ern and Eastern Asia have wanted to 
get rid of West European domination 

the ‘colonial system’ — communism 
or no communism, In short, we might 
say we are opposed by a kind of con 
tinentalism. 

“I thought I could see, as far back 
as 1943, that Russia probably would 
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court the Germans, just as we would, 
and try to marshal the old world 
against the new. Just now we are com- 
batting them where they have the ad- 
vantage. In general, we have the advan- 
tage in the air. We can control the sea. 
Our interest is to keep the world open 
to trade, travel, information, and opin- 
ion. The iron curtain is an affront to 
civilization, and the expression of an 
inferiority complex. But if we can hold 
the sea and the air and maintain ac- 
cess to 80 per cent of the habitable 
world, ‘communism’ will get stale and 
insipid. If we make so much of it, we 
glorify it, advertise it, and give it the 
appeal of a Hollywood movie star. 
“The zealots of every revolution think 
they are going to conquer the world. 
None of them have ever done it. 
“That, | think, is where we stand, in 
a general way. It doesn’t pay us to 
have our boys fighting guerrillas in the 
jungles and mountains of Asia.” 


And From a Young Man 

\ somewhat similar view, expressing 
doubt of the validity of our foreign 
policy, from a man some 60 years 
younger, was published in The Neu 
York Times of Sunday, March 4. It 
was written by Marine Corporal John 
B. Moullette from Camp Pendleton, 
Calif. Among other things, he com- 
plains about the extravagance of our 
Government and the needless waste of 
life in Korea, on both sides, “shameful 
to the human race.” Not only the loss 
of life there, but the wreckage of the 
country and the destruction of the 
homes of the people are said to have 
made Americans as unpopular, even 
among the South Koreans, as the Com- 
munist invaders from China. 

Corporal Moullette’s letter was an- 
swered by his father, and also by Dean 
Acheson, the whole occupying some five 
columns in the Times. The answers 
seemed to us inadequate. 

\ profligate government in Washing- 
ton whose income has equaled its ex- 
penditures in only one of the last 20 
years, and a foreign policy which has 
failed so dismally that we are com- 
pelled again to have recourse to the 
law of the jungle, may well call forth 
protests from the young men. It is they, 
and not the men who have brought the 
world to its present condition, who 
must pay the price of failure. * * * 
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Scurry Field Report 
Continued from Page 18, Section | 


mission of Texas, expert engineering testimony showed that 
the amount of pressure decline per barrel of production would 
be 12 times as great during the oil expansion period than it 
would be during the period of production below the bubble 
point. The operators, however, have taken unusual steps to 
obtain reservoir information which is required for determin- 
ing the advisability of pressure maintenance. The principal 
operator in the Diamond “M” area, Lion Oil Co., with ap- 
proval of the Railroad Commission of Texas, instituted pilot 
water injection in its Strom No. 18 well located in Section 
199, Block 97. Water produced from the Ellenberger forma- 
tion in another well is injected into the Canyon Reef lime- 
stone at a point near the water table. Injection which com- 
menced December 1, 1950, had continued at 2.000 B/D with 
surface injection pressures of 2,000 psi. 

The reef formation was determined suitable for recovery by 
water displacement by laboratory experiments which showed 
that approximately 50 per cent of the oil in place could be 
removed by water drive, with a range from 8.8 to 76.2 per cent 
recovery. These displacement tests were made through porous 
plates made wet with the fluid being displaced. Other tests 
were made without plates. The 12 samples used were obtained 
from a well in the Kelly-Snyder Field and ranged in perme- 
ability from 0.5 to 203 md and in porosity from 5.8 to 19.0 
per cent. Connate water estimated from capillary pressure 
tests with the same samples range from 6.8 to 35.8 per cent 
of the pore space. 

Using additional cores of the reef formation and samples of 
fluids, extensive research pertaining to different methods of 
oil recovery is being directed in a number of laboratories. 
There are 86 operators in the four areas of the pool. The 
operators of nearly all of the wells have organized several 
committees primarily for engineering purposes. The first one 
organized, the Scurry County Area Engineering Committee, 
compiles the factual data on pressures, production, and devel- 
opment in the four areas. The data includes over 4,000 bottom- 
hole pressure tests and 10,000 core analyses as well as routine 
measurements of oil, gas and water produced. The Scurry 
Area Canyon Reef Operators Committee formed in January. 
1951, is financing engineering and research studies to obtain 
data for evaluating different methods of operation including 
pressure maintenance. 

All of the gas produced in the fields is to be connected to 
gasoline plants, the first one already completed and in oper 
ation. All available gas is being sold to two major purchasers. 


In the gas purchase contracts, the gas purchasers have agreed 
with the operators to withhold their call on any of the gas 
which may be required for lease use and pressure maintenance. 


Che Scurry County Reef Pool, one of the largest discovered. 
is being regulated and operated in a manner intended to 
obtain the best results. Its operators and the Railroad Com- 
mission of Texas have given unusual attention to the field 
during its development stage. The large amount of field data 
obtained, together with the technical 
research, indicate that efficient engineering methods will be 


current objectives of 


utilized to obtain recovery from the large reservoir of oil 
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Foreign Production Review 
Continued from Page 16, Section | 
Geological and Geophysical Exploration 


No work was done during 1950 except on licenses and 
leases granted prior to the passage of the Mines and Quarries 
Law of 1948 and only one gravity meter party was in the 
field in 1950. This party operated for four months and did 
fill-in work on the Nebwi license and the Sudr and Ras 
Gharib leases. At the beginning of 1950, the Standard Oil Co. 
of Egypt announced its withdrawal from Egypt, leaving only 
two major companies, Anglo-Egyptian Oilfields, Ltd... and 
Secony-Vacuum Oil Co., Inc., still operating. Two other com- 
panies, the National Petroleum Co. of Egypst and the Com- 
pagnie Francaise de 


prospecting licenses. 


Petrole. have made applications for 


EUROPE 

The more important areas of European production lie 
within the boundaries of Germany, Holland, France and Italy. 
The total average production for 1950 in these four countries 
amounted to 37,845 B/D as compared to 19,400 B/D for 
1949. The principal increase was in Germany where produc- 
tion went up from 16,000 B/D in 1949 to 21,000 B/D in 1950. 
This production stemmed primarily from the Emsland and 
the Hanover areas. 


Holland and France 

In Holland the Schoonebeek Field showed a production in- 
crease from 11,820 B/D in 1949 to 13,372 B/D in 1950. In 
France, the only production was from the old Pechelbronn 
Field and the Lacq Field, located in the southern part of 
France. As a whole, France's production figure increased from 
1.273 B/D in 1949 to 2.625 B/D in 1950. There seems to be 
considerable drilling activity in France. but the rate of finding 


new oil has been low. 


Italy and Morocco 


In Italy, the small production of 177 B/D for 1949 increased 
to about 200 B/D in 1950. There is considerable exploration 
activity for gas in Italy and there have been a number of small 
gas operations set up which supply local domestic needs in 
particular areas of the gas fields. In Morocco, there was a 
considerable increase percentage-wise in production. In 1949, 
Morocco was producing 395 B/D. In 1950, production in- 
creased to 810 B/D but again, although the activity has been 
considerable, the results have not been impressive. 


England 

In England, the Anglo-Iranian Field in the Midlands con- 
tinues to produce 700-800 B/D. but there is little or no drill- 
ing activity. 

Generally. in Europe, production has been low. However, 
there is a considerable amount of activity in France, Germany 
and Holland. The body of Western Europe carries a capabil- 
ity of producing in 1951 some 30,000 B/D. x * * 
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Statistics to Appear 
In Bound Volume Only 


The practice established in 1950 of 
publishing the AIME Statistics of Oil 
and Gas Development and Production 
in the JourNaAL oF PetroLeum TECcH- 
voLocy has been discontinued for 1951. 
The data covering 1950 will be pub- 
lished in bound volume form and will 
be released in the fall of this year. 

The advisability of publishing the 
data in monthly installments in the 
JourNAL or PetroLeuMm TECHNOLOGY, 
as was done last year, was discussed at 
length by the Executive Committee of 
the Petroleum Branch at the AIME An- 
nual Meeting in St. Louis, Mo., in Feb- 
ruary. Discussion was also offered from 
members-at-large of the Branch in at- 
tendance at the open meeting of the 
Committee. The concensus was that the 
expense of publishing the material in 
the JouRNAL oF PetroLeum TECHNOL- 
ocy is greater than interest in the data 
presented in that form warrants. 

It was decided by the Executive Com- 
mittee that the entire project of gather- 
ing and publishing production and de- 
velopment data by the AIME should be 
subjected to a thorough investigation. 
From the study a decision will be made 
as to what form the material will be 
published in, whether or not the publish- 
ing of the volume will be placed on a 
self-sustaining basis through raising the 
sale price of the volume, or whether 
the practice of publishing the material 
in any form should be discontinued by 
the AIME. x * * 


C. B. Carpenter Given 
Posthumous Award 


The United States Department of the 
‘nterior has posthumously awarded its 
gold medal for distinguished service to 
Charles B. Carpenter, formerly super- 
vising engineer of the Dallas office of 
the Bureau of Mines. 

Citing him for “outstanding technical 
accomplishments and leadership in the 
conservation of petroleum and natural 
gas during almost 22 years of distin- 
guished service.” the award was pre- 
sented to his widow during a_ brief 
ceremony in Dallas. 

Carpenter was to have been Chair- 
man of the Petroleum Branch, AIME. 
for 1951. He was formerly a regional 
vice-chairman and treasurer of the 
Branch. Having joined the Bureau of 
Mines in 1928, he became a recognized 
authority on conservation, and was the 
author of a number of publications. * 
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now—more than ever—you need 
accurate, reliable internal corrosion 
surveys of tubing and casing 








* Each well report contains photostats of the 

actual charts as plotted within the calipering 

instrument during surveying operations. +#« Charts 

wT in Otis reports are easily and quickly read—at 

0 U i $ TA ND / N G the well site, if necessary; the location and depth 
of corrosion pits can be determined at a glance. 
* The Otis Caliper is a precision instrument, 
capable of recording the most minute pits. 
Working parts are not packed off to well fluid, 
thus there are no packings, etc., to bind or retard 
the movement of the feelers or stylus. + Complete 
range of instruments—from 11'%4-in. tubing to 
85-in. casing. * Tubing surveys are run under 
pressure, without killing the well, by experienced 


S Caliper 
Otis wire-line crews available from 11 nearby 


es vice Otis offices 
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DALLAS © HOUSTON © CORPUS CHRISTI 
HOUMA «© BROOKHAVEN « FALFURRIAS 
LONGVIEW o OKLA. CITY « NEW IBERIA 
VICTORIA » ODESSA » CARACAS, Venez. 


i, # Fineit Caliper in the Industry 





Petroleum Branch, AIME, By-Laws with Proposed 
Amendments for Membership Referendum, April 15, 195] 


PORTIONS APPEARING IN ITALICS CONTAIN THE PROPOSED CHANGES TO BY-LAWS 


ARTICLE | — Name and Object 

Section 1. This Branch shall be known 
as the Petroleum Branch of the American 
Institute of Mining and Metallurgical En- 
gineers. 

Section 2. The object of the Petroleum 
Branch shall be to furnish a medium of 
cooperation among those interested in the 
petroleum-natural gas industry and to pro- 
mote the advancement of this branch of 
mineral technology through meetings for 
professional and social intercourse, and to 
stimulate the preparation, reading, discus- 
sion and circulation of papers connected 
therewith, 


ARTICLE II Members 

Section 1. Any member of the AIME in 
good standing may become a member of 
this Branch by indicating in writing that 
he desires to receive the JounNAL OF Pt. 
TROLEUM TECHNOLOGY as that monthly pub 
lication that is to be furnished him at no 
charge in addition to his dues. 

Section 2, Only members in good stand- 
ing in the AIME shall have privileges in 
the Petroleum Branch. 

Section 3. Local clubs may be formed 
by the Petroleum Branch, the membership 
of which shall be subject to and in accord- 
ance with the By-laws of the Institute. 


ARTICLE Il Funds 


Section 1. The expenditure of funds re 
ceived by the Petroleum Branch shall be 
authorized by the Executive Committee of 
the Petroleum Branch. 

Section 2. Dues or assessments in addi 
tion to the regular dues of the Institute 
may be fixed by the Executive Committee 
of the Petroleum Branch, subject to the 
approval of the Board of Directors of the 
AIME and the approval of the Branch 
membership through a general referendum 
on which a majority of the ballots returned 
favor the imposition of the added dues or 
assessments. 


ARTICLE IV Meetings 

Section 1. The Petroleum Branch shall 
meet as a regular and integral part of the 
annual meeting of the AIME and at such 
other times and places as may be deter- 
mined by the Executive Committee of the 
Petroleum Branch. 

Section 2. An open meeting of the Exec 
utive Committee of the Petroleum Branch 
shall be held during the annual meeting 
of the AIME, and special meetings may be 
called by the chairman. 


ARTICLE \V Officers 
Section 1. The officers of the Branch shall 
consist of a chairman and two vice-chair- 
men. 
Section 2. The Executive Committee shall 
consist of the following persons: 


SECTION 2 


(a) The officers, and the immediate past 
chairman of the Branch, who shall 
all be elected; 

(b) Six other elected 
shall be elected two each year for 
terms of three years; 

The Branch treasurer, who shall be 
appointed ; 

One representative each from the 
Vineral Industries Education Divi- 
sion and the Mineral Economics Di 
vision, who shall be appointed. 

Section 3. The Chairman of the Branch 

shall be Chairman of the Executive Com 
mittee. 


ARTICLE 

Section 1. The Executive Committee shall 
be the supreme governing body of the 
Branch. It shall act subject to the provi 
sions of these By-laws, the Constitution 
and By-laws of the AIME, and subject to 
a majority vote of the members of the 
Branch, initiated under the provisions of 
Article X. For the transaction of business 
five shall constitute a quorum. If less than 
five are present at a business meeting the 
action of those present shall be final if 
approved in writing by five members not 
present. 

Sec tion 2. 1 he Exec utive ( ommiuttee shall 
fill any vacancies by appointing members 
for unexpired terms. It shall appoint a 
Branch treasurer and its own secretary 
It shall prepare a manual covering the 
functioning of the Branch and defining the 
duties of officers and Committee members 
It shall replace any committee chairman 
who, for any reason, does not actively 
prosecute his assignment. It shall make or 
approve the appointment of all committer 
chairmen. 


members, who 


Vi Government 


ARTICLE VII Committees 

Section 1. There shall be 
committees standing committees and spe 
cial committees. 

Section 2. Standing committees shall be 
designated by the Executive Committee at 
each Annua! Meeting of the Committee. 

Section 3. The Executive Committee may 
designate from time to time such special 
committe s it may consider necessary or 
desirable. Special committees shall be held 
to a minimum in number, their duties 
clearly defined, and dismissed as soon as 
their report become 
inactive. 


two classes of 


is accepted or they 


ARTICLE VIII 
Office 

Section 1. To be eligible for election to 
the Executive Committee a member shall 
have had wide experience in the affairs of 
the Branch. 

Section 2. To be eligible for chairman a 
member shall have had_ three 
active service in the Branch, at least one 
of which shall have been as chairman of 
a standing committee or as a member of 
the Executive Committee 


Eligibility for 


years ol 
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Section 3. To be eligible for vice-chair 
man a member shall have had two years 
of active service in the Branch, at least 
one of which shall have been as chairman 
of a standing or special committee, or as 
a member of the executive committee, or 
as chairman of a local section. 


ARTICLE IX Nominations and 


Elections 


Section 1. A nominating committee of 
five members shall be appointed by the 
Executive Committee during the Annual 
Meeting and submit its report to the chair- 
man of the Branch not later than May 15. 

Section 2. Any ten members of the 
Branch may submit nominations to the 
Executive Committee for one or more posi 
tions not later than August 15 and the 
members so nominated shall be included in 
the official ballot, providing only they meet 
the requirements of Article VIII. 

Section 3. The voting shall be by letter 
ballot, electing three officers and two mem 
bers of the Executive Committee annually. 

Each nominating committeeman shall be 
advised at the time of hs appointment 
that he is expected to solicit the advice 
of the councils, executive committees or 
board of directors of such local sections as 
may be appropriate, but that he is not to 
bound to observe such 
result. 


consider himself 
recommendations as may 

Section 4. Section 3 shall apply only 
when any ten members take the action al 
lowed under Section 2. When no such 

tion is taken, the for election 
shall be (1) that names and biographies 
of the nominating committee's designees 
shall be published in the June issue of 
JouRNAL OF PeTroLteum TecHNOLOGyY, and 
upon August 15 the nominating commit 
tee’s designees will be declared by the in 
chairman to be automatically 


process 


cumbent 
elected. 


Amendments and 


Petitions 


ARTICLE X 


Section 1. Proposals to amend these By 
laws shall be made in writing to the Exec 
utive Committee and signed by at least 25 
members; or shall be made by a majority 
vote of the Executive Committee. Such pro 
posals shall be published, with discussion, 
in JourNAL or Petroteum TECHNOLOGY 
as soon as they are prepared. If favored by 
of the votes cast, the amend 
become effective. 


majority 
ment shall 

Section 2. Proposals to change the deci 
sions, policy or procedures of the Execu 
tive Committee shall be made to it in writ 
ing and signed by at least 25 members 
Such proposals, unless acceptable to the 
Executive Committee or withdrawn within 
30 days, shall be published, with discus 
son, in the following issue of JOURNAL OF 
Petroteum TrecHNOLOGY and submitted to 
the members for vote within 60 days after 
publication. A majority of the votes cast 


shall he decisive x~**«** 
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Sections of Old Petroleum Branch By-Laws with 


Explanations of Amendments 


USE THE POST CARD INSERTED WITH THIS PAGE TO VOTE ON EACH PROPOSED CHANGE. MERELY 
INDICATE “YES” OR “NO” ON EACH PROPOSAL. 


The By-laws for the Petroleum 
Branch have not been amended for 
the past several years. Changes in our 
publications and procedures have been 
made during this time, and our By- 
laws should now be amended to con- 
form. Shown below are portions of 
the present By-laws and the reasons 
for the amendments. The proposed 
By-laws were considered by the Petro- 
leum Branch Executive Committee at 
St. Louis and approved in the form 
shown on the facing page. The term 
“Petroleum Division” has been 
changed to “Petroleum Branch” where 
it is used, 

You will note that Article X, See- 
tion 1 below, requires that proposed 
amendments to the By-laws must be 
submitted to the membership for ap- 
proval. If favored by a majority of 
the votes cast, the amendments shall 
become effective. 

The business reply posteard adja- 
cent to this page is provided for your 
convenience in forwarding your ap- 
proval or disapproval on these amend- 
ments. Please tear off and complete 
this card and mail it to us by May 15, 


1951. 
Joe 8. Alford 
Executive Secretary 
ARTICLE | 
Section 2. The object of the Petro- 
leum Branch shall be to furnish a 
medium of cooperation among those 
interested in the petroleum industry 
and to promote the advancement of 
this branch of mineral technology 
through meetings for professional and 
social intercourse, and to stimulate the 
preparation, reading, discussion and 
circulation of papers connected there- 
with. 
Proposed Change No. 1 
The words “natural gas” were in- 
serted to cover activity in this field. 


ARTICLE Il — Members 
Section 1. Any member of the AIME 
in good standing may become a mem- 
ber of this Branch by indicating in 
writing that he elects to receive the 
JouRNAL OF PETROLEUM TECHNOLOGY 
as that monthly publication of the 
AIME which is to be furnished him at 
no charge in addition to his dues. 
Proposed Change No. 2 
The section was reworded to make 
primary selection of Journat or Pr- 


Name and Object 
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TROLEUM TECHNOLOGY the basis for 
membership in the Petroleum Branch 


Funds 


ARTICLE Ill 
Section 2. Dues or assessments in 
addition to the regular dues of the 
Institute may be fixed by the Executive 
Committee of the Petroleum Branch, 
subject to the approval of the Board 
of Directors of the AIME. 

Proposed Change No. 3 

This section is reworded to give an 
existing rule greater permanence and 
guarantee the membership the final 
voice in adding due Ss or assessments, 


ARTICLE IV Meetings 

Section 2. The Annual Meeting of the 
Executive Committee of the Petroleum 
Branch, open to its membership, shall 
be held during the Annual Meeting of 
the AIME, and special meetings may 
be called by the Chairman upon thirty 
days’ notice in writing or through the 
JouRNAL OF PETROLEUM TECHNOLOGY 
Proposed Change No. 4 

This section was reworded to permit 
easier conduct of Executive Committee 
meetings. 


ARTICLE \V Officers 

Section 2. The Executive Committee 
shall censist of the officers, the immedi 
ate past Chairman of the Branch, and 
six other members who shall, after the 
first election under these By-laws, be 
elected two each year for erms of three 
years. 
Proposed Change No. 5 

Changed to permit the seating of the 
Petroleum Branch treasurer and a rep 
resentative each from the Mineral Edu 
cation Division and the Mineral Eco- 
nomics Division on the Executive Com 
mittee. The Branch treasurer was added 
to the Committee because of the in 
creasing importance of that office. The 
representatives from the two AIME Di- 
visions were added to make the By- 
laws of the Branch conform to the 


4IME By -lau Ss 
ARTICLE VII Committees 


Section 2. There shall be six stand 
ing committees as follows: Production 
Technology, Production Review, Eco 
nomics, Membership. Publications. and 


Education 
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Proposed Change No. 6 

This seetion was changed to. permit 
greater flexibility in the committee 
structure. The present section necessi- 
tates a costly referendum to the mem- 
bership to change one of the standing 
committees. The new section leaves 
these changes to the Branch Executive 
Committee. Standing committees are 
now a committee on Technology, with 
one vice-chairman for each of the fields 
of drilling, production and natural gas; 
Production Review; Economics; Mem- 
bership; and Publications. 


ARTICLE LX — Nominations 

and Elections 

Section 1. A Nominating Committee 
of five members shall be appointed bv 
the Executive Committee during the 
Annual Meeting and submit its report 
to the Chairman of the Division not 
later than June 1. 

Proposed Change No. 7 

1 change is proposed in the time of 
submission of the report of the Nomi- 
nating Committee. 

Section 3. The voting shall be by 
letter ballot, electing three officers and 
two members of the Executive Commit- 
tee annually. 


Proposed Change No. 8 

{ paragraph is added to this section 
which contains instructions to the Nom- 
inating Committee. 


ARTICLE X — Amendments 
and Petitions 

Section 1. Proposals to amend these 
By-laws shall be made in writing to 
the Executive Committee and signed by 
at least 25 members; or shall be made 
by a majority vote of the Executive 
Committee. Such proposals shall be 
published, with discussion, in JounNAL 
or PETROLEUM TECHNOLOGY and sub- 
mitted to the members at the time of 
the next annual election, or earlier, 
at the discretion of the Executive Com- 
mittee. If favored by a majority of the 
votes cast the amendment shall become 
effective 
Proposed Change No. 9 3 

This section was changed to expedite 
By-laws amendment proposals. 
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Personals 





M. E. Montrose of Houston, vice-pres- 
ident and mem- 
ber of the board 
of Hughes Tool 
Co., was elected to 
the board of direc- 
tors of Welex Jet 
Services, Inc., at 
its annual stock- 
holders’ meeting 
held in Fort Worth 
on March 2. 


Georce H. Fentress, former assist- 
ant district geologist, Lion Oil Co., W. 
Jackson, Miss., has been made exploita- 
tion geologist and is now located in the 


El Dorado, Ark.. office. 


+ 


E. W. McALuister is now employed 
by the Mene Grande Oil Co., C.A.. 
Barcelona, Anzoategui, Venezuela. 


+ 


Jerry A. McKnicnr has joined the 
Sohio Petroleum Co., Russell, Kans. 


— 


Wituram E. McNett, Jr., is now 
junior petroleum engineer for the At- 
lantic Refining Co., Dallas. 


+ 


A. M. Mouser has become assistant 
to the production manager, Tide Water 
Associated Oil Co., Tulsa. 


+ 


Henry N. Orpnam has been trans- 
ferred from the field to the central of- 
fice of the Southern Union Gas Co.. at 
Dallas. 


STAFFORD Park has resigned from the 
Continental Consolidated Corp. and is 
now senior petroleum engineer with the 
Fullerton Oil Co., Pasadena. 


Rosert H. Parks has been trans- 
ferred from Sunray Oil Corp.'s Tulsa 
office to the Midland, Tex., office as 


senior petroleum engineer. 


Norman D. FitzGeratp of Abilene. 
Tex., has organized the Saxon Drilling 
Co. in partnership with D. D. St. 
John, formerly of Olney and Bal- 
linger. He will supervise field opera- 
tions. The new company has a rotary 
rig adapted for drilling wells from 2,000 
to 4,000 ft deep in West Central Texas. 
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Paut A. WitHERSPOON is now em 
ployed by the Illinois State Geological 
Survey, University of Illinois Campus, 


Urbana, III. 
+ 


H. D. Grotruusen has been named 
products sales superintendent of Stano- 
lind Oil and Gas Co., Tulsa, Okla. A 
graduate of Kansas State College, 
Grothusen has been with Stanolind 
since 1946. He served with the anti- 
aircraft artillery as a lieutenant colonel 


during World War I 


+ 


Ouiver B. Hopkins of the Interpro- 
vincial Pipe Line Co., Toronto, Ont.. 
Canada, is the new president of the 
Canadian Institute of Mining and Met- 


allurgy. 

Joun C. Bousrietp has been trans 
ferred by the Skelly Oil Co. to Car- 
thage, Tex. 


Howarp B. Brap.ey is now in the 
Department of Petroleum Engineering 
at the University of Texas, Austin. 


4 


Cec. H. Catvert has joined the 
Cavran Bros. Engineering Co., Corpus 
Christi, as district petroleum engineer. 


+ 


Raymonp H. Eusank is now located 
in Snyder, Tex., as a junior petroleum 
engineer for the Sun Oil Co. 


+ 


Guy F. WitttaMs has been promoted 
from assistant sales manager to sales 
manager, Oil Field 
Products Division 
of Dowell Incorpo- 
rated, Tulsa, Okla. 

Williams, who has 

been with Dowell 

since 1936, was 

named assistant 

sales manager in 

July, 1946. He has 

been located in 

Tulsa since 1947 working with product 
sales. Before coming to Tulsa, he served 
with Dowell as a treating engineer in 
Mt. Pleasant, Mich., Seminole and 
Great Bend, Kans. Born in Bakersfield, 
Calif., he received a BS degree from 
Lake Forest University in Illinois and 
did graduate work at Northwestern 
University. 
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Donatp H. McLaucHLin was ap- 
pointed to the 
Board of Regents 
of the University 
of California on 
January 10. An- 
nouncement of the 
appointment was 
made by Earl War- 
ren, governor of 
the state. Me- 
Laughlin is imme- 
diate past president of ATME, having 
served during 1950. 


s 


M. S. Patron, Jr., has been made 
staff exploitation engineer for the Sun- 
ray Oil Corp., Tulsa. 


Employment Notices 


The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number, Jour- 
NAL OF PetroLteuM TECHNOLOGY, 601 
Continental Bldg., Dallas 1. Show re- 
turn address on envelope. These replies 
will be forwarded unopened and no 
fees are involved. 


PERSONNEL 


@ Production 
family, desires employment as produc- 
tion supervisor for financially sound in- 
dependent oil company. Over 10 years 
field experience, veteran of last war. 
for past three years has taught petro- 
leum engineering at a major university. 


Code 143. 


engineer, 37, married, 


@ Petroleum production engineer wishes 
to change employment. Graduate engi- 
neer with 14 years’ experience. Married 
with two children. Location in Mid- 
Continent or Gulf Coast states desired. 


Code 144. 


@ Petroleum chemist, 38, married, 
wishes employment in Dallas. Special- 
ized knowledge of petroleum chemistry 
practical experience in natural gasoline 
and cycling plant control, and a broad 
general knowledge of the industry and 
its products. Experience as a research 
group leader and in writing on both 
technical and general petroleum sub- 
jects. Available after April 15. Code 
145. x * * 
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Proposed for Membership, Petroleum Branch 





Total AIME b 31, 1950, Dallas — Buck, Julian R. (M); Lee, Sidney WYOMING 
was 17,082; in pare ~ sony re eden Associates P. (M). Casper — Gamberg, Russell J. (J) (C/S-S-J). 
were enrolled. Denver City Coburn, Richard W. (M) 
ADMISSIONS COMMITTEE Fort Worth —- Bishop, Olena A. (J) ARGENTINA 


on: ; * Houston — Bachman, William S. (J); Cole, . > i : ) 

3 £ Heed yom yy ere oo en: Frank W. (J) (C/S-S-J): Rumble, Robert C Prov de Jujuy Perlwitz, Charles O. (J). 
son, Plate ‘Molozemeh, Ivan Given. Alemates, (Mi Warren. Noward ©. (Mt) (RC/SIMR- CANADA 
H. P. Croft, F. W. Hanson, T. D. Jones, Frank A J) os ; sii Alberta — Franke, Calvin L. (J) (C/S-S-J) ; 
eS Soe jodie fo review this list Midland — McCarthy, John C. (M) (C/S-J- Harvie, James A. (M). 
as soon as the issue is received and immediately Guens Tucker, James W., Jr. (J) (C/S-S INDONESIA 
fo wire the Secretary's office, night J). Sumatra Stewart, John T. (M). & *® *® 
collect, if objection is offered to # 
of any applicant. Details of the objection should 
follow by air mail. The Institute desires to ex 
its privileges but does not desire to admit persons 
unless they are quoli 

In the following list C/S means change of 
status; R, reinstatement; M, member; J, Junior 
Member; AM, Associate Member; S, Student Asso- 
ciate; F, Junior Foreign Affiliate. 








CALIFORNIA 
Long Beach —- Thomas, Richard H. (J). 
Whittier — Cardwell, William T. (M) (C/S- 


INDIANA G4 CASING 


Terre Haute Wright, Joseph J. (J). 


“atten Valley : | ROLLERS 
Cotton Valley Haynes, James O. (J) (C/S- 


S-J). 

Houma Ebner, Keith J. (J); Gordon, El- 
liott F. (J). 

Lafayette Gerwick, Fred W. (M). 

Lake Charles--Hileman, Robert G. (J) 
(C/8-S-J). 

Morgan City — McDonald, William L., Jr. 
(J) (C/S-S-J). 


NORTH DAKOTA og EFFECTIVE* ECONOMICAL 
ee oa SMOOTH OPERATION 


OKLAHOMA ; : . 
Enid — Vater, James W., Jr., (J). The Eastman Casing Roller is an effective 
a. Ge Helen Leni * ™M tool which has been specially designed for 

(C/S-J-M). ; psed casi 
Seminole — McAvoy, Ralph E. (M); Smith, the purpose of restoring colla —e 

Frederick J. (M). ; and liners to their proper shape and 

od" aa an orm. ee <. 2): Ramee, soe roundness. This widely used and efficient 

PENNSYLVANIA tool opens the collapsed casing by means of 

: Beadterd — Harding, Richard W. (M) (C/S- a smooth rolling action which is free 

J-M). . : . 
Creason — Huber, Patrick W. (J) (C/S-S-J). from any hammering or vibration that 

TEXAS might damage or fracture the casing. 
Abilene _ Breanen,_ Harry w.. Jr. Ay By initial use of a small size roller, Bed 4 

3-J-M); Lackey, enry P. (J) (C/S-S-J). : * an 
Austin — Carter, Lee S. (J) (C/S-S-J) ; Hol- followed by other rollers of progressively ro de of 
land, William W. (J) (C/S-S-J). i psed 
Bellaire —- Egan, Edmond F. (J). larger eae Sven badly colla } specially heat- 
casing may be opened and rolled out j treated steel 
to its proper size. This tool is 


Meetings of Interest outstanding in its application and 

The Second Conference on In- economical for the restoration egmon a 
creased Recovery of Oil will be held of casing. minimizes 
April 19 and 20 at the Student Un- friction and 
ion Building of Texas A&M Col- Call the Eastman Office Viivation 
lege, College Station, Texas. The nearest you 
feature of the conference will be a Roller ends 
symposium on “Carbonate Reser- (Consult the Telephone Directory) ; ‘if tapered to prevent 
voirs” to summarize what is known snagging 
today about the origin, geology. 


physical properties and performance EASTMAN 

of limestone and dolomite reservoirs. ete cy nar oa 
Reports of research pertaining to OIL WE LL SU RVEY / ereund cath 
the bl ill § ade. TI . : A oll 
L—<-s| Sone = 
troleum Research Committee. Prof. 


Robert L. Whiting, Dept. of Petro- LONG BEACH 
leum, Texas A&M College, is in DENVER 
charge of reservations. HOUSTON 
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Oklahoma City Is Site of Mid-Continent Fall Meeting 


Send in Reservations Now for the Petroleum Branch Fall Meeting to be Held Oct. 3-5. Use the Card 
Adjacent to This Page to Insure Adequate Accommodations. 


KLAHOMA CITY, 
claim to being the metropolitan 
Southwest, will be the 
site of the 1951 Mid-Continent Fall 
Meeting of the Petroleum Branch, 
AIME. Meeting dates have been set for 
October 3, 4 and 5. 

Hotel 
now by those who expect to attend. A 
self-addressed card has been inserted in 
this issue of Petroteum TECHNOLOGY 
adjacent to this page which should be 
used for filing reservations with the 
Biltmore Hotel in Oklahoma City, head- 
quarters hotel for the meeting. Tear off 
the card and indicate in the appropri- 


which lays 


center of the 


reservations should be made 


ate space on the back the ace ommoda- 
tions desired and drop the card in the 
nearest mail box. The Biltmore officials 
will do the rest. Rates for rooms and 
suites are given on the card. Please note 
arrival dates so that accommodations 
will be ready at the proper time. 

Some 250 rooms will be available in 
the Biltmore Hotel with accommoda- 
tions being provided also in the Black, 
Huckins, Hudson, Kingkade, Skirvin 
and Wells Roberts hotels. 

Plans tentatively call for holding con- 
current technical sessions at the Bilt- 
more and in the Sky Room of the 
Oklahoma Club, one-half block west of 
the Biltmore. The Welcoming Luncheon 
and Dinner Dance will be held in the 
Persian Room of the Skirvin Hotel. Host 
for the meeting will be the Oklahoma 
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City Section, with Chairman J. H. Field 
of Sohio Petroleum Co. heading up the 
list of arranging committeemen 
During the three-day meeting. some 
40 technical papers will be presented 
in morning and afternoon sessions. The 
former Production Technology Commit 
tee has been renamed the Technology 
Committee with three divisions, produc 
tion, drilling and gas technology. Rep- 
resentative papers will be selected by 
each division and it is the duty of this 
committee to screen and program the 
technical sessions for the Fall Meeting. 
The Oklahoma City Section is at the 
present time planning a barbecue for 
all those in attendance. The occasion 
will be held 


turesque site equipped with the proper 


in the evening at a pic 


Western atmosphere. Other social fun 
tions are being arranged to ensure a 
well-rounded program of entertainment 
and diversion, none of which, however 


will interfere with the technical pro 


Pictured on this page is a skyline 
of Oklahoma City, site of the 
Mid-Continent Fall Meeting of 

the Petroleum Branch, AIME. Cen- 
trally located in the Mid-Continent 
area, the Oklahoma capital city is 
conveniently reached from all petro- 
leum centers in the United States. To 
avoid inconvenience and last-minute 
rush, a handy reservation card is in- 
serted with this page. Reservations 
will be accepted now for accommoda- 
tions. 


JOURNAL OF PETROLEUM TECHNOLOGY 


gram. The ladies may enjoy scheduled 
affairs during daylight hours and will 
be welcome at the formal Branch func- 
tions during the evenings. 


\ complete set of preprints of all 
papers to be presented at the technical 
sessions during the three-day meeting 
will be distributed at the registration 
desk in the Biltmore Hotel. No extra 
charge will be made for these preprints. 
their cost being included in the regis- 
tration fee. If registrants desire extra 
sets of preprints, however, a charge will 
be made. 


In addition to the technical sessions, 
exhibits and displays of petroleum 
equipment and services will be located 
conveniently within the meeting area of 
the Biltmore for the study of attending 
engineers. The exhibits will be staffed 
with competent personnel to answer 
questions and operate scale-model ma- 


chinery on display. 

On Oct. 25-26. following the Fall 
Meeting in the Mid-Continent area, the 
Pacific Coast Fall Meeting will be held 
Angeles, Calif. The two-day 
meeting on the West Coast will feature 
some 12 technical 
three 


in Los 


papers to be pre- 
Elks 


near 


sented in sessions in the 
Club, Westlake Park, 
downtown Los Angeles. Details of the 
West Coast Fall Meeting will be out- 
PETROLEUM 

~*~ *« * 


opposite 


lined in another issue of 


TECHNOLOGY 
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North Texas Study Group 
Continued from Page 20, Section 1 
electric logs. However, in any given 
field, it is always necessary to take 
some cores, analyze them in the labora- 
tory, and show a close comparison be- 
tween laboratory and electric log poros- 
ities before the electric log results will 
be accepted by most persons. Thus cor- 
ing is not entirely eliminated. Total 
porosity, as determined in the labora- 
tory by the grain density method, gives 
significantly greater values than does 
laboratory determined effective porosity 
and total porosity correlates better with 
porosity values determined from the 

electric log. 

Water saturation can be estimated 
from electric logs once a sufficient num- 
ber of logs are available for a particu- 
lar reservoir. 

It was agreed that neither electric 
logging or any other one method is the 
answer to obtaining good reservoir ir- 
formation, instead all methods and all 
data must be used. 

The Fort Worth Study Group met on 
March 7 to hear R. E. Bush of the Lane- 
Wells Co., Dallas, discuss “Recent De- 


velopments in the Estimation of Poros- 


On March 21 
Fort Worth 
“Evaluation 

x * * 


ity from Neutron Logs.” 
Henry J. Gruy led the 
Group in a discussion on 


Methods.” 





Meetings of Interest 

The Wyoming Geological Associa- 
tion will hold its Sixth Annual Field 
Conference, July 31 to August 3. The 
South Central part of Wyoming will 
be the locale of the trip. Areas of 
interest such as Separation Flats, 
the Ferris and Seminoe Mountains, 
and the Sweetwater and Rawlins up- 
lifts will be included in the daily 
field trips. Headquarters for the trip 
will be set up in Rawlins, Wyo. 
Registration is being handled by 
Tom Bailey, Field Conference Com- 
mittee, P. O. Box 2249, Casper, 


Wyo. 











North Texas Section 
Continued from Page 22, Section | 
reservoir and calibrating the neutron 
curve to read porosity in uncored wells, 
was applied to the Fort Chadbourne 
Field. The field is in the northwest cor- 
ner of Runnels County. The pay is a 
limestone, locally called the Odom pay, 


but some geologists think it correlative 
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Petroleum Branch, AIME 
601 Continental Bldg. 
Dallas 1, Texas 
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Wissed Out 


Petroleum Branch Members who failed 
to attend the AIME Annual Meeting 

St. Louis, Mo., Feb. 18-22, may now 
receive the 10 papers presented there 


These Papers Are Now 
Available in Preprint 
Form For Only 
$2.00 Per Set 


sets of papers presented at 
AIME Annual Meeting in St. Louis,. 
check (or money order) in the amount of $ 


with the Caddo. The porosity consists 
predominantly of secondary and inter- 
crystalline porosity with some frac- 
tures. 

At this time there are five wells cored 
in this pay and correlated with the ra- 
dioactivity log. The porosity of each 
segment of core was plotted on semi- 
log graph paper against the neutron 
deflection. A curve was drawn for each 
well by drawing the average line 
through the plotted points. The curve 
for each well was then averaged, the 
result being a composite curve. From 
this curve a scale was constructed, 
which was used to read porosity on 
uncored wells from the neutron without 
computing each point on the log. 

On each of the five wells the neu- 
tron derived porosity was read by use 
of the scale, for each foot and the aver- 
age zone porosity computed. The neu- 
tron derived porosity average fell be- 
tween the effective porosity or bulk vol- 
ume analysis and plug porosity in every 
well except two and was within 0.3 per 
cent in these. 

Porosity values on the wells in this 
field gave the operator data from which 
to compute the oil in place and other 
information that is based on porosity. * 
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SEE formation changes 


\ 

With Geslograph, ‘you 
actually watch the drill- 
ing change as the bit 
into contrasting 
strata— foot by foot! 
You'll find that this sub- 
surface control, 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 

Mouston, Odessa & ——_ pana — * Casper, 


yo. « Shreveport & Bat: 
tela, Calif. 





as you 


while 


* Bokers- 
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Branch sh 2 wual ¢ 

Branch of employees can cipate 
years’ ser 

Insurance a paper stocks 
furniture 1 Ss expenses that do n 
tbove classificat 
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“Only by direct analysis of cored samples can all productive 


characteristics of sub-surface formations be accurately determined.” 
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